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Pac-Man eats the Moon! 


‘The classic arcade game Pac-Man has remained popular since 1980, and its imagery is something 
‘most will recognise. Images such as this one combine the beauty of observatories and astronomy 
with the mast unexpected of events. In this instance, one of the Very Large Telescope's Auxillary 
Telescopes starts to open its mouth as it prepares for along night of astronomical observations. 
Siting above the ‘mouth, and looking ice it's going to be eaten by a hal-telescope, half PacMan, is 
‘our natural satellite during its full phase. 


‘The Banded 
Marble’ 


‘Many have described Earth 
as The Blue Marble’ since the 
famous Apollo 17 image, but 
perhaps it's time to call Jupiter 
"The Banded Marble, as this Juno 
image seems to suggest. Taken 
during a flyby on the 12 February 
2019, the shot was edited by 
‘citizen scientist Kevin M. Gil. 

The images taken by Juno's 
JunoCam have been emphasised 
to bring out the finer details of 
Jupiter, n particular the bands 
lof storms and winds that are 
‘crashing into each other over 
the face ofthe gas giant. The 
Great Red Spot also makes an 
appearance inthe top-right 
section of the image. 


Butterflies are seen fittering 
all around the world in their 
‘majesty, but it's rare to find one 
Inthe cosmos, NASA's Spitzer 
Space Telescope recently used 
its infrared capabilities to spot 
a'space butterfly’ in the wilds 
ofthe night sky. 

Officaly labelled as 
Westerhout 40 (WO). this is 
obviously a nebula ~a cloud of 
{gas and dust that is iluminated 
red by the new stars that are 
being born within. The ‘wings’ in 
this image are hot, interstellar gas. 
blown away by the radiation of 
the most massive stellar objects 
within the active region. 
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The rains 
down in Africa 
Millions of people residing. 
in Mozambique, Mal and 
Zimbabwe experienced what was 
‘Upped to be the worst storm the 
‘Southern Hemisphere has seen 
‘so far this year: Cyclone Idai. 
Copemicus Sentinel captured 
the flooding - shown ined 
inthe port town of Bra in 
Mozambique. This imagery 
will assist aid relief efforts by 
showing the areas most affected 
bythe stom. 


The Sun's equinox 
20 March marked the annual spring equinox, marking the beginning of warmer seasons in, 
the Northern Hemisphere. The recent change in events also saw the ESA/NASA Solar and 
‘Heliospheric Observatory (SOHO) capture the Sun in different wavebands. 

From left to right. SOHO observed the Sun in 171 angstroms, 195 angstroms, 284 
angstroms and 308 angstroms wavelengths respectively, wich all coespond to ferent 
Darts ofthe utravoet section of the electromagnetic spectrum. 
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Oil spill seen 
from space 


It's sad to see the Earth suffer 
the consequences of human 
negligence. Here, the ESA's 
Copemicus Sentinel satelite 
spys a2,200-tonne oil spill from 
the Grande America vessel, On 12 
‘March 2019, the Italian container 
ship was just 300 Kilometres 
(190 miles) off the French coast 
when the vessel caught fire and 
‘sank in the Atlantic Ocean, The 
Copemicus Sentine!t satelite 
thas captured images ofthe huge, 
black stretch of oll spread out 
‘over 50 kilometres (30 miles), 


Bennu’s rockier 
_ than expected 


NASA's Origins, Spectral 
Interpretation, Resource 
Identification, Securty-Regolith 
Explorer (OSIRIS-REX) spacecraft 
has now been atthe asteroid 
Bennu for months, trying to learn 
its secrets. One ofthe things 
learned was just how bumpy the 
surface actually s 
‘The mission team were 
expecting a rugged surface, 
but Bennu shows a flurry of 
boulders and rocks all over. 
as revealed in the asteroids 
southern hemisphere. This has 
caused the team to re-evaluate 
the area in which they will collect 
an asteroid sample, 


NASA tests 
Orion's safety 
systems 
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YOUR FIRST CONTACT WITH THE 


‘Anartist’s impression 
ofthe Big Bang 


PAD 


VERSE 


ike particles 


IN.COOPERATION WITH 


SPACE: 


could reveal what happened 
before the Big Bang 


‘0-800 if there was a universe before 


Words by Charles @. choi 
the Big Bang and understand how 
the cosmos evolved aftr it began 


researchers suggest looking for the 


influence of particles that acted lke clocks 
Current the prevaing view in cosmology Is that 
inthe fist few moments f the universe, the cosmos 
‘experienced an incredible burst of expansion known 
23s nfation. During ths growth spurt. space self 
‘expanded faster than the speed of lah. 
Inflation can hep solve a vanity of mysteries 
about the structure and evolution ofthe cosmos. 
4 For example, inflation would have evened out the 
3 universe's composition, explaining why i loks 
“E mostiy the same in every direction 
itis ofthe inflationary theory of cosmology 
Farge that it equies uniely starting conto for 
J the universe and that increasingly contrived models 
J are needed fr ffation to explain the latest data 


‘on the cosmic microwave background radiation, the 
3 universe's oldest fight, said study co-author Avi Loeb, 
2 eh of astronomy at Harvard University. 


R 


“The most natural, plausible models of ifation, 
have been ruled out” said Loeb. “And a very 
flexible theory of infstion that can accommodate 
any scenario, where everything is possible, sa bit 
worrisome - the strength ofa scentific theory is that 
IRcan predict certain outcomes and rule out others." 
Scientists have developed other, very different 
cosmological models that may solve the same cosmic 
‘mysteries that iflation does, For examle, nflation 
assumes the universe began asa singulanty, an 
infinitely dense point of matter and energy. In theory, 
singularities curve the fabri of space and time to 
an infinite extent. such that nothing existed before 
the Big Bang, not even time. However, nother 
cosmological model suggests thet the cosmos 
\was born from aBig Bounce’, expanding outward 
after an eafer primordial universé collapsed. Like 
inflation, this model can explain why the universe 
looks the way it does, Loeb said. Now, to help decide 
between inflation and these other ideas. Loeb and 
his coleagues have suggested atest to see they are 
potentially false 


The key to this testis how the universe behaves, 
in these different cosmological models, sald study 
‘co-author Zhong Zhi Xianyu of Harvard University 
Inflation suggests that the universe expanded 
‘exponentially, while the Big Bounce posits that a 
primordial universe contracted and then our current 
Universe expanded: some models conjectured that 
any change in size happened very slowly, while 
‘others proposed it occured very quickly 

If 2 primordial universe existed before our cosmos, 
‘our current understanding of physics suggests 
massive particles would have existed that would have 
‘oscillated at some regular frequency, lke a clack’s 
pendulum. The fluctuations of these ‘primordial 
clocks’ would have resulted in tiny irregularities in 
the densty of matter on minuscule scales that would 
have become the seeds of structures on cosmic 
scales in our universe after it expanded, 

Wa ghimordal universe once existed. its colapse 
would have squeezed the ticking primorcal standarc 
clocks in ways that one might detect inthe structure 
of the curent universe, 


Violent planet-wide storm spotted 
above distant exoplanet ....... ..-w.ss0r 


‘ew data from the European Southern "Our analysis showed that HRS799 e has an 
(Observatory (ESO) shows raging storm clouds atmosphere containing far more carbon monoxide than 
of iron and silicates swirling above a distant methane - something not expected from equilibrium. 

exoplanet. The exoplane, HR 8799 e, ‘chemistry” Sylvestre Lacour, lead author on the 

cnbits a young star called HR 8799, which new wotk and a researcher from the French 

i about L5-times the sizeof the Sun space agency CNRS, sid in the statement. 

and about 129 light years from Earth ‘We can best explain this surprising 

In the constellation Pegasus, result with high vertical winds within 

HR 8799 e was first discovered in the atmosphere preventing the carbon 

2010, and isthe innermost star of ‘monoxide from reacting with hydrogen 

the HR 8799 system. An estimated to form methane” 

30 millon years old this exoplanet The new data also revealed that 

isbel bout nine-times the exoplanets atmosphere contains 

the mass of Jupiter and takes ‘dlouds of iron and silicate dust which, 
approximately 45 Earth years to orbit combined with an excess of carbon 


its parent st. -monaride, suggests there ' a violent planet 
Using the GRAVITY instrument on the wide storm, 
ESO's Very Large Telescope Interferometer (VLTD, Our obser 
astronomers uncovered the complex atmosphere ofthis from the i rm light swing 
storm-wracked exoplanet through stormy patches of dark clouds,” Lacour said 
‘The GRAVITY instrument employs a technique ‘Convection moves around the clouds of silicate and ic 
called optical interferometry, which uses the light of particles, which disagyregate and rain down into the 
four telescopes to see features that are terrtimes more _interot. This paints a picture of a dynamic atmosphere of 
detailed than was previously possible, according to a giant exoplanet at birth, undergoing complex physical 
a staterment from the PSO. and chemical processes 


Astronauts help discover newfound 
crustacean during cave expedition 


Words by Mike Wall 


of life here on Earth. Over the past few years astronauts from multiple countries have helped biologists 
collect specimens of an odd, tiny crustacean during caving expeditions on the Italian island of Sardinia. 
‘The little beast, it tums out, was new to science. 

‘The newfound creatute is related to terrestrial isopods, a diverse group known to anyone who has ever fipped a 
Jog in damp environments. Their many common names - potato bug. pill bug. sow bug. roly-poly and woodlouse, 
to name but a few - are a testament to these invertebrates’ ubiquity. But the ‘bug’ partis incorrect: isopods are more 
closely related to crabs and shrimp than to insects. And, if you'l allow a bit more pedantry. ‘bug’ technically refers 
to certain insects with sucking mouthparts. 

The newly described isopod is different from most ofits kin, however. The blind, colourless crustacean, which is 
Jess than one-centimetre (0.4-inches) long, is aquatic, scraping out a living in cave ponds. 

It was first found during the 2012 edition of CAVES (Cooperative Adventure for Valuing and 
Exercising human behaviour ancl performance Skills) a two-week European Space Agency training 
‘course held in Sardinia's Sa Grutta cave system. The experience is designed to help astronauts lear 
to work together in a space-like environment. 

CAVES also involves a variety of ather research activities, as the isopod discovery shows. 
‘Astronauts from Europe, the United States, Canada, Russia, Japan and 
China heiped collect and describe the ite crustacean in 2012and.on 
subsequent CAVES expeditions. The astronauts’ aid is reflected in 
the little beast’s scientific name, Alpioniscus sideralis-‘sideralis’ 
{is from the Latin word for star. ‘ 

“"Twould like to think that when humans land on Mars 
and explore its caves, this experience will help them 
to look for other species knowing that life has few 
limits and can develop in the most inhospitable i 
places," Paolo Marcia, a zoologist from the University 4 
‘of Sassari in Italy who heads the CAVES biology 
‘experiments, said in a statement. 


| A training for exploration of the final frontier, astronauts have made a contribution to our understanding 
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Starquakes rock alien sun, 
revealing details of a hot Saturn’ 


Words by Rafl Letzter 


rvatory TESS has, 


me, detected a planet orbit th visible 
tarquake 


TESS, launched in Apri 2018, s just beginning to show 


ists what it can do, Like its pred 
5 detects plan 
ihtness of their host stars dip as the planet 
ope, Unlike Kepler, the 
jose to Earth and spre 
TESS can also detect star 
h stars ike eartha 
watching more rapid changes in those sam rightness 
Starquakes 10 gree, but they're 


ays detectable. When astroseismologsts can spot 


this phenomenon, th 


informa 


transition into red giant. The 


Ready for the Red Planet: NASA's 
Mars Helicopter aces key flight tests oc: news 


AS Mars Hlcper as ovens of wkd 
mete The techy eons, whch 
sun wth NASAS next Mas oven 
Oc hater es ight under Rd Pane 
faery fics ave snounced 
"Gearing up fr that fight on Mars we have 
lage over ates of yng tine wih a 
cogineeing rode wich wast owe oppretimaton 
of ur tekope” Mars Helicopter poker manage 
MIMI Aigo NASA et rpuson Laboratory UPD tn 
Pesan Calon sadn astatement Bt thi ect 
tet of the ight mode athe elds: head 
“rhs our coer bund or Mars We needed sce 
Chat woreda aver 
The et tok place Fanay the Space Simulator 
a vac carer PL tht has elped prep many 
tebr lnetay explorers over the dade Angad 
her callaguesconfigted the haber mimic the 
‘py, cabo doce diated Man stmoeper. 
which est one pron atk a that ath, 
"he team so tite the helper with avy 
ete ystems lng at pled upward 


fon the craft continuously so that t experienced Mars 
sravity during flight The gravitational pull on Mars 
surface is just 40 per cent as strong as Earth's 

“The gravity offload system performed perfectly, just 
like our helicopter” Mars Helicopter test conductor Teddy 
Tyanetos, also of JP. said. “We only required a two-inch 
(5 centimetre] hover to obtain all the datasets needed to 
confirm that our Mars helicopter fies autonomously a5 
designed in a thin, Marske atmosphere: there was no 
need to go higher. twas a heck ofa first fight” 
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Weirdly 
coloured 
Saturn moons 
linked to ring 
features, 
NASA's Cassini 
revealed 


Words by Charles @. Chot 


he bizarte shapes and 
diverse colours seen 
{in some of Saturn's 
moons may now be explained 
With the help of data taken by 
NASAs Cassini spa 


it plunged to its doom, 


These moons likely coalesced 
from the planet’ rings, and 
jet their colour from ether ie 
volcanoes ora mysterious red 
material inthe rings, according 

Saturn not only possesse 
extraordinary rings, but 

e than 60 moons. A 
nf these moons 
appear linked with the giant 
planet's main rings, either 
Todiged within these features or 
gravitationally interacting with 
them to sculpt their shapes and 
influence thelr composition, 

Te ring moons often possess 
bizarre features; for example 
Pan and Atlas ate shaped 
flying saucers. Saturn's me 

also vaty in colour from 

vent rings, and astronomers 
have questioned why these 
differences appear 
‘The relationship between the 


planet's rings and these moons 


suggests that the rings’ and 
1 continued 
existence are inked, re 
have said. Previous worl 
suggested either thatthe moons 
‘coalesced from ring material ot 


archers 


that the rings formed from the 


gration of a moon 


€ 


Saturn possesses over 60 natural 
satellites around it 
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Space roar 


‘When scientists puttheir €ar to thé earl universe, they 
fe it yelled back - have we finally id the cause? 


Reported by David Crookes 
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a machin 
It wa 
sta 
As the mu 
Yilometres 23 n 
ater than 


ts caused by 
synchrotron 
radiation 
which is 
created 
when atomic 
particles 
spiral around 
magnetic 
field lines 


‘The space roar 


Sound comparisons in the universe 


Listen up: space could be a noisy place if it was full of air 


300 
200 
3 
8 
100 
o 
Space roar The Sun Saturn V rocket Abig caldera Iss 
Sixties intensity of any 230 decibels 204 decibels T7 decibels 78 decibels 
‘source measured we could hear the Sun, we'd Wyouwere standing too cose _Krakatau made an incredible —_—1SS astronauts used to 


The space roar has been 
found to be much louder than 
‘most parts ofthe universe 


all be wearing earmuffs. Even 
from Earth the Sun would be 
125 decibels 


when a rocket launched, 
the constant sound would 
seriously hurt your ears 


sound when it erupted on 27 
‘August 1883; it was heard 100 
smiles away. 


wear earplugs all day, but 
NASA worked on lowering 
noise levels, 


Space roar 


What do the 


mysterious roar 


“If it is from a 
halo around 
our galaxy, 
it would 
make the 
Milky Way a 
weird galaxy” 


spiral galaky, soit would 
be unusual f the roar was 
found to come froma source 
connected with t 


“The.2 v0 
determination 
of the level 
of the radio 
background 
was not solely 
based on 
ARCADE" 


Previously hinted a 
radio background, going 
back to the 1960s, 


“Current data 
shows the 
roblem, 
ut doesn't 
really point to 
a solution” 
AKogut, who headed 
the ARCADE team says 
projects such as the 3-metre 
6300-foo) radio telescope at 
pe Green Bank wl ep resolve 


tothedawnot 
the universe 


Wer 


"What this supposes is the early universe 
had much more real matter than today, 
accounting for the powerful radio signal" 


ie ~~ > =" . %. wi 
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How a balloon was able to detect the space roar 


The balloon 
This giant helium balloon was 
tethered to ARCADE, allowing , 
the payload to be carried to an 
altitude of 37 ilometres (23, 

SE ries), from where it had an 
unobstructed view into space 


Seven radiometers 
Soaked in quid helium, the 
seven radiometers were 
placed towards the top 


‘of the vacuum flask, They 
ured the frequency 

spectrum of the Cosmic 

Microwave Back 


Reflective shield 
The reflective shield which 
sat above the vacuum flask 
ensured the antennae did 
‘not have a view of the fight 
train and the parachute 


Sky-observing 
aperture 

The carousel had a porthole 
for sky viewing, During its 
observations ARCADE was 
able to view about seven 
per cent ofthe night sky, 


MM 


log em 


Blcibody CMB, 


The antennae 
Each ofthe corrugated 
o thom antennae picked 
Freouency (Gta) Lupa diferent frequency 
band, observing a 3, 
5,8, 10, 30,30 and 90 
Giz. One of the 30 
GHz antennae had a 
sarrower antenna beam 
for cross checking. 


Liquid helium 

Since the instruments needed 

‘to measure tiny differences in 
temperature from the very fist stars, 
‘twas important that ARCADE was a8 
ool as possible. Liquid helium cooled 
the payload to 270°C (-454°F). 


YSTERIES@ 
INIVERSE 


What it's thought to be 


Numerous theories about the space roar have been raised 


The earliest stars 
ARCADE was designed to 
detect the faintest signs of 
‘heat from the first generation 
of stars, so do these account 
for the noise? it's unlikely 
since it was soctimes louder 
than expected - far greater 
than what those stars should 
be emitting 


Abubble 
around the Sun 
1's possible that there is 
‘a soll bubble around. 
the Sun. As scientist Dale J 
Fixsen tells us, it wouldn't 
have tobe very bright since 
IRis so.cose tous, thereby 
appearing normal 


Dim radio galaxies 
packed together 
There is one major problem 
with the theory tht the 
source is radio galaxies very 
close together those galaxies 
would have tobe so packed 
that theyd effectively merge 
into one 


matter in the 
very early 


Gases swirling around 
galaxy clusters 
fo radiation fs being 
from the gases of 
large galaxy clusters, but the 
main issue hee stat the 
instruments sed by ARCADE 
axe unlikely to have picked 
‘them up. 


Ma 


‘An unknown source 
The most likely explanation 
(s that there is something out 
there that we just haven't yet 
discovered, and thats why 
the ‘space roar’ is so exciting 
The only way well discover 
the root cause is with 
further investigation, 
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NASA scientist 
Dale LFixsen 
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“I think we may need some brilliant new 
origin hypothesis that nobody has thought 
of yet" Dr Jack Singal 


halo of our 5 mystery any sce initve. purpose-buih altrated ‘seat 
‘ fs Such s the 
‘noise’ from 
the space roar, 
astronomers 
fearnot 
beingable to 
‘monitor the 
earliest of 
stars following 
the Big Bang 


Right: 
ARCADE was 
launched ona 
lange balloon 

in 2005 
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Tim Peake's teasers 


The 
one Oo! 
Tim P 
a serie: 


Tim Peake's teasers 


stronaats must undergo an intense 
period of examination if they are to 
‘ever leave Earth forthe zero-gravity of 
space. As the old saying goes, nothing 
‘comes easy! In order to give people a peak behind 
the curtain, the European Space Agency and its 
most esteemed Uk:barn astronaut, Tim Peake 
have put together a book that showeases part of 
‘what is needed to be an astronaut: The Astronaut 
Selection Test Book. 
There are aso lots of physical examinations 
in order to determine if one's body can handle 
the harsh and unusual environment of space. the 
main culprits being the effects of microgravity and 
‘force on launch and descent, But the mind Is just 
as important as the body, and astronauts must be 
able to problem solve on a moment's noice it 
‘could be the difference between life and death, 
‘Some ofthe tests that astronauts need to 
undertake examine thei spatial awareness, pattern 
recognition, mental arithmetic abilities and the 
skill to learn different languages. Here are some 
Variants of the tests and res that are in Tin 


Peake’ test book. to give a taster into the taining 
for an astronaut. So 

do you have what It takes? Spoller alert: the 
answers can be found on page 29, 


WHEELS KEEP ON TURNING 


This is a similar mental challenge to one ofthe 
genuine questions during the ESA selection process, 
he International Space Station is ful of turning 
cogs both metaphorically and quite literally, so an 
astronaut must understand how they operate by 
applying the correct logic tothe situation. 
‘Wheels 1 and 2 have the same radius. How fast 
will Wheel 2 rotate if Wheel 1 is being driven? 


or || 


Possible answers 

‘A. Slower than Whee! 1 

B. As fast as Wheel 1 

. Twice as fast as Wheel 1 
D. Wheel 2 does not rotate 


© SPATIAL AWARENESS 


Astronauts have litle rooin to manoeuvte 
and operate, This means they must be 
aware oftheir surroundings and how 
they can operate equipment carefully in. 


microgravity, especially on a spacewalk 


eeorce| 
eeercre 
Dot + > Dt 


Imagine that you are facing this cube. Thi 
cube can rll lft, right, forward (towards 
you) and backwards (away from you) 
Before any rolls have occurred, a 
dot sits at the bottom of the cube. 


Now imagine you've rolled the cube 
forward, left, right, right, forward, left, 
‘backwards and right. Where is the dot? 


D> #/O Et P| > + 
Cex PrP iOoe|leo 


In order to complete this puzzle, you must identify the pattern 
and determine the missing tile 


Deciphering complex pattems is an important part of being an astronaut. Thi 
information from 2 bad situation and can prove to be vial while in space 


Tim Peake's teasers 


©) MENTAL ARITHMETIC : 


Maths is a Subject dreaded by many peopl 
if you don understand this ru 
complete tasks and understand 


near a spacecraft 


{A passenger at London Heathrow wants to get from Terminal 1 to Terminal 
2, On foot it would take them three minutes, and standing still on'a conveyor 


Delt would take only two minutes. How much time would t take them if Disnaies 


they walked on the conveyor belt? 


UNDERSTANDING 
SHAPES IN 3D 


Understanding sha 
ESA who has goo 
This allows astronauts to man 
equipment and t 

and correct way) 
Aline runs through the centre of one 
of these shapes that is equidistant 
from all surfaces. Select the shape 


3D shows the 


an ef 


Where this is possible. 
A sphere Acylinder 


(with no ends) 


HS} 


An octahedron 


Which is the most useful swivel-chair wheel? 1 


Possible answers 


A3 None 
Bl D.2 


TIMED PATTERN RECOGNITION 


Tes time to step it up a bit - you never know when youte 
. This will defi 


tive task while 


> be put on a ti y determine if 


You're only allowed ten seconds to answer this one: 
‘Which square should follow the sequence, starting from the 
top square and going downward? 


Tim Peake’s teasers a 


8 WHEELS AND BELTS 


Another test of visual perception in order to demonstrate tool manipulation. This question isthe 
astronautic version of ‘what happens if the chain detaches from the gears?” 

‘Across which of the wheels does the drive belt have to be tightened for the top axis °C to 
rotate fastest? 


Possible Answers 


Aland 4 C.2and4 
B.2and3 D. and 3 


9 UNDERSTANDING 
DIFFERENT LANGUAGES 


Russian is the other official language 
(ether than English) ofthe International 
Space Station so astronauts undergo 
intensive Russian lessons before they are 
even allowed into space. Ths is important 
because the Soyuz spacecraft's controls are 
in Russian 

Using the following translation chart, 
translate the following space-related 
words written in Russian into English, 


\u-aasin father {hu-pasin paper 
Bs-basinbut Pp ~rasineror 
Bo-vasinvan — Co-sasinsmile 
Pr=gasin get Tr-tasinten 
1-dasin dress -Yy-wasin cool 
jo yeas jp - Fasin farm 
In yesterday Xx hasin loch 
yoas Hua ts asin its 
in yonder Muchas in chess 
oe zh as tm = sh asi fish 
in measure [lus -sheh as in 


zasin 200 fresh chat 


Hw ~ee asin meet ‘bn. ~ ‘hard sign 


fia -yasintoy bine -Sasin bill 
e-Kasin dass by. Soft sig’ 
In-lasinlove 99 easin bet 
Mat-mas 1Ow-yuas 

tm mother in Yugoslavia 


Hoyas in yard 


MOJLYs1b 


cHyTHHK 


cTaHiMa 


pakera 


Teneckon 


brainteasers 


Tim Peake 


Key to life 


TOLIFE 


Anew picture of our galaxy filled with exotic 
oceans and alien seas has raised questions 
about our focus on H,0 in the search for life 


key tolife 


Water and organic: 


The simple chemistry of H,O and organic molec 
ubiquitous in gas, liquid and ice a 


Water 


: 
| 


This hot Saturn 
contains large 
‘quantities of water 
in ts atmosphere, 
sibly from ts 
formation further out. 


exoplanet families 


makes them 
mand cosmos 


ass the Solar S 


Jupiter’s moon has Recent modeling 
a water-ice surface. suggests that tidal this super-Earth has 
However, itisthedeep heating from Neptune been dubbed the 


55 
Discovered in 2009, Asub-Neptune An ce giant with no sold 
surface, It orbits in the 
habitable zone, which 
enough to be means liquid water could 


waterworid ands der 


‘ocean we think les could help maintain a 
beneath that excites subsurface quid layer’ the most likely ocean rocky. It sits closer to the exist on the surface of 
astrobilogists most. under its watet-ie crust. _exoplanet candidate, density of water any moon, 


“When you have no idea what life is going 
to look like, you may want to look at 
things you understand” atberto Fern: 


The cap atts north 
pole is composed 
(of tholins, organic 


macromolecules 


produced from gases 
feleased from Pluto. 


Water vapour containing, 
Interesting complex 
‘organic molecules 
spews from this moon's 
‘subsurface ocean into 
‘orbit around Satur. 


Saturn's mini frozen The methane found in ts 


Earthisahazy atmosphere represented 
hydrocarbon world the fist organic 
‘of methane and ‘molecules detected on 
ethane lakes, aia planet outside of our 
and rivers, ‘Solar System, 


Left: 
Proximab 

fs another 
Goldslocks 
zone planet 
that might be 
too close to 
its star tohost 
quid water 


Right: 
Without water, 
lifeas we 

know it would 


"The dark terrain on this 
Jovian moon, which 
comprises about one: 
third ofthe surface, 
contains clays and 
‘organic materials. 


Key to life 


Tes protoplanetary 
disc contains 
acetylene and hydrogen 
cyanide, and ithas 
the potential to form 
several planets 


| Key to life z 


by Voyager and Cassin- 


Life cycle on Titan by ore ons 
Saturn's moon is the only Solar System erage antec taogrcenti 


body other than Earth with an active around 180°C (292°F). 
hydrologic cycle \ 


cosmic rays are thought to 
leradiate atmospheric nitrogen and 
‘methane, producing an orange- 
red-coloured haze that slowly falls 
to the surface and dissolves readily 
in transient aqueous pools. 


methane photol 
ana a global quid oo 

The chemistry in Tans hundreds of metres deep. 
atmosphere may be 

similar to what occurred 


several billon years ago. 


[Rain lke p 

Hoge douds of methane 
[Methane vapour form storms above 
Wiha fete: : Titan's surface which 
rales of years the ong periodically rain hid 
tnd resuppying of methane Inethane and othe organic 
in Titan's atmosphere compounds onto the moon. 
Continues tobe» purse 


Lorgani 
Data from the Huygens probe suggests 
the moon's methane atmosphere might 
be replenished by the degassing of a 

layer of methane ice underneath the 
surface, possibly through cryovolcanism. 


‘we experience on Earth, and the precipitation 
‘generates rivers of liquid methane on the moon 


Key to life ii 


The fizzing experiment 


Aninfrared 
view of 
Saturn's moon 
Titan from 
NASA's Cassini 
spacecraft 


Right: 
Radar images 
from NASAS 
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Key to life 


Above: 
Impression of 
hydrocarbon 
poolson 


flowing water 


ies that 


Planet Earth Education = 


Courses available for enrolment all year round. 
@ 01616539092 www.planeteartheducation.co.uk 


ADVERTISE HERE 
CALL 01225 687388 NOW 
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ORBEX* 
PRIME 
ROCKE 


Satellites will soon launch from Scotland, as revealed by a 
Uk-based company with an exciting new prototype 


Reported by Lee Cavendish 


rhe, a UK:based spaceflight company. 
is making amazing headway in bringing 
satelite launches to the Seattsh 
Highlands with the unveiling ofits 
‘exciting two-stage rocket. At a private event on 7 
February 2019, Orbex flaunted a prototype of the 
Stage 2 Prime rocket for the first time, announcing 
that it wil be lighter. more efficient, better for 
the environment and willinclude the world’s ist 
30-printed rocket engine. 

‘Ocbex has only come into the public eye relatively 
recently; in July 2018 the UK Space Agency chose 
Orbex to launch from its spaceport in Sutherland, 
‘Scotland. From there It has gained amazing support 
rom private and public crowds, making it Euroze’s 
best funded private launch company. “Since the 
‘announcement in July 2018 that we had been 
‘chosen to launch from the Sutherland spaceport. 
Orbex has been on an incredible journey, largely 
behind the scenes, said Chris Larmour, Orbex CEO. 
"That is changing today as we publicly reveal the 
company's technical and commercial momentum. 
Not only do we have a full engineering prototype of 
the complete Stage 2 ofthe Prime rocket, but also 


a growing rostet of customers hoping to be among, 
Ue fist to launch satelites from Scotland” 

‘The Prime rocket has been completely rethought 
_and redesigned by a team of aerospace engineers 
with experience in prestigious organisations such 
as NASA, ESA and Ariane, The new design uses a 
lightweight carbon fibre and aluminium composite 
that will make Prime launchers 30 per cent lighter 
_and 20 per cent more efficent than any other small 
launcher, even outdoing some heavy launchers with 
regards to power per cubic tre. 

‘The 30-printed engine will be a revelation 
in rocketry, constructed from the same carbon 
fibre and aluminum composites, and will have 
advantages when it comes tothe high temperatures 
and pressures endured during launch. When a 
rocket is launched, the heat and pressure can lead 


Orbex’s Prime rocket 


to stress on the joining 
‘and welding, The structure 
‘of this 30-printed engine will 
withstand such temperatures and pressures. The 
‘rocket will iso utilise bio-propane fuel, whiciris an 
‘environmentally friendlier renewable fuel source 
‘and will predictably cut carbon emissions by 90 per 
‘cent compared to fossil fuels, 

Orbex's Prime rocket’s maiden flight from 
‘the Sutherland spaceport wil take place in 2021, 
‘camying an experimental payload from another 
United Kingdom-based company ~ Surrey 
Satelite Technology Ltd. (SSTL). This event will 
‘mark a historic day for the UK and its commercial 
space industry by launching the homemade 
satelite aboard a homemade rocket from a 
biome-based spaceport. 


“Tt will be lighter, more efficient, better 
for the environment and will include the 
world's first 3D-printed rocket engine” 


i 
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Crimes in space Ii 


There has never been a cosmic criminal, but as space 
<= travel widens will the current laws be able to cope? 


ied by David Crookes 


Crimes in space 


What could Apollo 7: 

30 
Lees 2 the mutiny 
The crew didn't want to follow 
certain orders from NASA 


Astronauts refuse to work 


While not a crime, this three-man. 
‘crew downed tools and turned 
‘off their radio communications 
‘with NASA ground contro for 
short period, feeling their 
‘workload was toa heavy, 


Walter M. Schira was the commander 
of Apolo 7: the first ofthe 


he got a cold felt bad and 1 
ve TV broadcast be delayed to allow 

mission tests to be completed. "We 

{do not have the equipment out; we 

have not had an oppertunty to folow 

setong: we have not 

point," he snapped at Mission Control 
thereby dsobeying the request fo 


Satellite crashes w 
into Canada Unknow 
set to retire from NASA and had 
announced his intent 
Reconnaissance satelite Kosmos 
‘954 malfunctioned in 1978, 
re-entered the atmosphere and 
‘caused radioactive debris to 
spread over northern Canada. A 
claim was filed under the 1972 
Space Liabity Convention, 


_ 


& 


a 


Astronaut confronts 
love rival 


‘Asif to prove that 
astronauts don't always 
‘maintain a level head, 
Lisa Marie Nowak 

whe flew aboard 
STS-121in 2006 - 
pleaded guilty toa 
charge of burglary 
and misdemeanout 
battery after 
confronting a 
love rival (on 
Earth) in2007 


baw 
he answer to that last question is simple 
pough: astronauts have, atleast fo date, been 
ty well behaved, 50 there h 
prosecutions brought against any of them for 
sce-elated matters. Yer that's not to say that 
this wall always be the case Fal to abide by rae 
laid down in the International Space Station 
International Governmental Agreement (IGA) and 
in particular within Article 22 which addresses 
minal jurisdiction, uidle wantt be 100 
fay abeac 
space isa global commons anit 
international law explains Professot Joanne 
ho has been teaching space li 
‘So whatever criminal law i par 
innemational law overall is potentially applicable 
Article 2 is important since it rakes int 
sccouint that the 
be dealt wit in such an internat 
‘Canada, the E states, Japan, 
Russia and the United States” it says, ‘may ex 


criminal jurtiction over personnel in oF on any 


Might element who ae their respective nationals 
What thes means is that those nations are ultimate 
sible for their own citizens 


In genera, criminal conduct in outer space falls 
under the jurisdiction ofthe state which launched 
the persor.” says Gangale, and this covers anyone 
who commits assault, homicide or che wilful 
destruction of property while in space 

Indeed, should an astronaut do anything 
which affects the life or safety ofa national of 
anther partner state, or should it eccur in or cause 
damage tothe fight element of another partner 
state then a law will be deemed to have been 
‘broken. In effect, fa British astronaut, for sak 
an example, killed a French colleague in a module 
reglstered to the United States or wrecked the 
Russian section of the ISS, then he or she would be 
tnved under itish aw 

“Astronauts are subject to their own national 
law and any applicable international law, including, 
treaties and agreements entered into by the state of 
their nationality” Gabrynowicr adds. "To the extent 
hat any of these include particular crimes, that 
Portion ofthe law would be applicable” 

[Now there may be an unusual case where a 
government decides to let things lie untesolved 
allowing the alleged perpetrator to effectively get 
off the hook. In those circumstances a fallback 
will kick in. "In the unlikely event that the partner 
sale ofthe alleged perpetrator fails to consider the 
possiblity of bringing charges then the ‘victim 
partner state may exercise jurisdiction over a 
nortnational if some conditions are met says 


Donn F. Eisele 
Schirra’sirtablity caught on: the other two 
‘crew members aso felt uncooperative, and 
Itch help that they also contracted a 
head cold. They had each devised system 
{or relieving their symptoms - they would 
pinch their noses and blow - but a problem 
loomed. Mission Control wanted them to 
‘wear their helnets for re entry but Donn 
Fisele along with Schira and R. Walter 
(Cunningham, refused, and they did so 
without. Mission Control was nat at all happy 
at ths second example of dsobedience, 


‘Unknown, but Bsele id serve as backup 
‘Command Module plat forthe Apollo 10 
fight 1969. 


Gabrynowica. “I 
3 an extradition 
Bu td 

prosecuting coun 


ssn stop thete In both cases the 
an expect everyone else 

togive support as and when itis needed. “The 
partners are legally obliged to provide mutual 
legal assistance, for exam 
cevklence to be submitted tothe competent 
court of a partner state” Gabrynow 
explains tn that sense there should be no 
bartiers to justice, and no evidence should 
be withheld 

Yet how would this be dealt with on board 
the ISS tse? For that we turn to the space 
station's Code of Conduct, which applies to a 
‘crew member from the time he or she ts 


R. Walter Cunningham 

R. Walter Cunningham nhs refusal to wear a helmet, 
aso ran afou of NASA management. He was worried 
that the re-entry would cause a problem with his ear 
drums. Mssion Control had already tld Schrra that he 
had “better be prepared to discuss in some detail when 
we land wihy we haverrt got them on. 


Unknown, but Cunningham headed up the Skylab 
Branch of the Astronaut Office before leaving NASA. 


ecessary the IGA can function 


assigned to an expedition until the completion of 


postflight activities. 


IRestablishes a car relationship between 
bit management. a management hierarchy 
and a clear chain of command in-orbit- the ISS 
le then 


and wn 


nmander being ukimataly resp 


‘The Moon has tobe free toexplore forall 
states, and it falls under the agreement ofthe 
‘Outer Space Treaty 


“In general, criminal conduct in outer 
space falls under the jurisdiction of the 
state which launched the person” 


SS 
RES. 
In the name of the [space] law 
There is some legislation already 
in place 
ISS Code of Conduct 


the Crew Code of Conduct 


15s crews agree to comply with 
wellbeing and security 


sls aly that delpinary action would be taken against anyone lovin code 


Outer Space Treaty 1967 
re eat governs the acts of sovereign stats, ensures Se eorareae shall benefit all countries, 
acs of mass destruction Earth ot and on celestial bodes 


sentemational Court of sie wil stepinif country cams celestial body or places WMDs in space 


@ |: 
The Rescue Agreement 1968 
sn state pars wi sat exciog he parsonnof a spacecraft andhand ovr orgy space objects 
Soul they land in thei country 


4 rom helping would cause plomatc sues 25 woud real to compensate a country for any costs 


Space Liability Convention 1972 
se country which uncon objec int space tab for tat bec and Sam may cause 


‘Acai or compensation canbe placed by a country thats harmed BY 25925 object 


ion 1976 
Toaged with the United Nations 


The Registration Convent 


Anything tats sent nto space By te 69 ratified states must Pe 


the offending country 


tial elibood there would be diplomatic consequences fr 


International Space Station Intergovernmental Agreement 
oa sper operation and sation of permanent inti 


‘This lays down the groundwork fort 
space station 


cach partner retains the jursiction and contro over the cements rs" aswell as over personnel 


Fromtopleft 
(clockwise: 
Orion wail 
canyacrew 
of fourto 

the Moon, 
asteroids and 
Mars, but 
could long: 
term lose 
proximity 
lead to 

space crimes? 


One concern 
ishow to keep 
astronauts 
happy: 
will they 
become less 
predictable 
the longs 
they arein 
space, and 

can future 
laws take that 
Into account? 


Most ofthe 
Jawsand 
rules in pl 
relate tothe 
International 
Space Station 
since that 


iscurrently 
the focus 


willbe 
important 
toestablish 


nddecide 
who willbe 
responsible for 
any humans 
‘who liveand 
work there 


Space tourism 
resents 
issues ofits 
most who 
travel w 
note vet 
astronauts, 
unlike 

this Virgin 
Galactic chiet 
astronaut 
instructor 


Crimes in space [i 


ational law, the national laws 


sets standards for work a 


and on the ground and lays d hat “each sta zn abe t to interpret and 
regulations the astronauts must adhere to, lhunching of an ob at international law and 
tate ron wh fora specific planet. 
in uate? Here the ts 
a hat is mainly because af our 
fe approach to space $ fat. Up to now, 


y who has travelled has been carefully 


Hh duly tales into a 
ticultura nate of the 
on’ it says under the General Rules 


For this, th 


such specificity will manifest 


ita more manageable name ~ come: 
and alot will depend on. 


Ratified by members of the United 


WB Grimes in space 


num, then any 


“We'll need to assure the safety of the 
hardy souls that venture into space as 
private citizens” michele tanion 


‘Space Station 


Cosmic storm 


The storm! 
was caused 
byapowerful 
quasar 


IN COOPERATION WITH. 


SPACE! 


ASTORM INA 
COSMIC TEACUP 


dra Space Telescope captures a tempest in the universe 


“New data from Chandra shows that the 
quasar is producing much more radiation 
than scientists previously thought” 


Interview Dr Florence Raulin-Cerceau 


Dr Florence 
Raulin-Cerceau 

r Florence Rauli-Cerceauis 
an associate professor at the 
National Museum of Natural 
History in Pars, France, 

and is also on the board 

of directors for Messaging 
Extraterrestrial Intelligence 
(MET) Intemational. This 
‘organisation takes a more 
active approach than. 

Search for Extraterrestrial 
Intelligence (SETD, Her 
research primarily consists 
of the history of SETI 

and astrobiology. 

‘A workshop was recently 
held in Pari where scientists 
and philosophers discussed 
the Drake equation and the 
Fermi paradox, which can be 
summed up in one sentence: 
liens are abundant in the 
Universe, why haven't we 
tected them yet? 


Dr Florence Raulin-Cerceau (iii 


“WE'VE PROBABLY 
BEEN DETECTED BY 
EXTRATERRESTRIALS" 


ETI's (Messaging Extraterrestrial Intelligence) esteemed director, 
Dr Florence Raulin-Cerceau, reveals - if intelligent alien civilisations 
have located us, why we should be talking back - and how we need 
to communicate 


Interviewed by Lee Cavendish 


Left: 
‘The Fermi 
paradox 
points out the 


What is your role at METI 


What benefits do you think actively messaging 
alien life has over passive watching for signals? 


This i one of Douglas Vake 


Do you think it s a better idea to send messages 
{in physical form. for example Voyager's Golden 
Records, of s 2 radio signal, for example the 


T think radio signals aze better because i's possible 


“We already have radio signals, TV signals, 
many other signals that are spread out 
into outer space” 


Interview Dr Florence Raulin-Cerceau 


to send them to target planetary systems. And als 
we can send alot of information witha very simp 
technology, With our present technology, we ate not 
ble to do the same thing with physical m 


‘What is your stance on whether or not there 
is alien intelligence? Do you believe that its 
definitely out there? 

Yes. believe itis possible 
have found many exoplanets Jot of exoplanets 
f ther ¢ 

ald be possible on 


mv ofthese planets. So why 
the only planet with inhabitanc 
mple life? I think i's possible 
mn other planets - and why not on the anes we 


pinion is that is possible, because ofthe many 


Would it be possible for life to arise from a 

different chemistry to our own? For example, 

rnon-carbon-based lifeforms, 

The usual thought surrounding that is that carbon 
necessary to have some combination of ator 


Why do you think we have not seen life 
elsewhere in the universe yet? 


Because iis difficult, Inthe Solar System there 

have been ploration missions to find out if 

th fe on other planets, Until now, we haven't 
looking for past microbial life 
naybe had temperatures 


But ‘know. In fact, now there no lik 


imicrofossils, Microfossils ae the next step in th 


What about other planets in the Solar System? 


There cold be evidence on] other planets in the 
planets such as Jupiter ot Satur, There i the 
possibilty of fe inthe oceans inside these bi 


moans, tke Europa, because they have liquid water 


inthe Soar System, 
except Farth. And far away? No. 
Dn exoplanets tis even more difficult to detect 


nnon-direct evident 
life such as biosignarure 
This is evidence 

We have to underg 


Dr Florence Raulin-Cerceau (ii 


starlight that 
passes through it 


How do you see the future of METI and the 
search for extra 


‘Would it be possible to transport life from one 
planet to another? Do you think that is how life 
fon Earth came about? 


‘What are the implications of knowing that life 

‘can arise on the moons of planets for the search 

for alien life? tltraviolet radtat 
there ae {planned space missions which E 


“We have to undergo spectroscopic 
analysis and other non-direct methods to 
detect life in other planetary systems” 


Rocket science 


Rockets of all kinds are still our only way of 
teaching space - but just how do they work? 


Written by Giles Sparrow 


Rocket science 
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Rocket science» 


How rockets lift off 


Rockets burn through most of their fuel in the first few 
minutes of their flight as they battle against Earth's gravity 


Writes and inventors hav 
beyond Earth for cen 
raveling into sp 


Bia tury, Experiment 
‘The force St gravity flights showed that Fa 

pulls everything, ‘ut rapidly at high akin 

Towards the centre of vere fight becar 


the Earth, exerting a 
downward force of 
9.8 newtons per 
kilogram on every 
part of the rocket 


m Barts an 
ad combust 


medium had alten 
Italy so a } Thrust 

The rocket generates an upward force 

a called tt to overcome both gravity 
e and drag. I does this by burning fuel and 

iw ‘expelling exhaust gases in a downward 
‘rection that pushes the rocket upward 


‘resistance called drag 
‘against an object moving at 
high speed. Fortunately it 
reduces as the air becomes 
thin at higher altitudes. 


£ 


Rocket science 


Changing, allude 
[As the rocket gains speed and. 
altitude t slow tits onto 
2 path parallel with Earth's 
‘surface, which willecome an 
‘orbit it gains enough speed. 


; eS 
rN = , 


a fay 
eo oe 


a 


delivered into orbit 
Shedding mass iskown as the 
[Asthe rocket continues to bum fue its payload. This may 
weight reduces, so although the thrust consist ofa satelite 
Sows staat force fromits engines remains constant, cor spacecraft, often 
{At launch a rockets welght is at ithasa greater accelerating effect. ttn separate rockat 
Its greatest, Even withthe rockets stage for further 
producing maximum thrust they manoeuvres. 


produce barely enough power to 
life the rocket off the ground, 


Left: The 
Space Shuttles 
unique design 

Rocked stages ‘channelled 
Most rockets aré designed with two or propellant 
more stacked units called stages. The froman 
lowermost stage fires Rs engines until ‘external tank 
they are exhausted, then separates and tothe Shuttle's 
falls away to reduce the overall mass q main engines 
being carried further towards space. ‘during launch, 
while two large 
solid rocket 
boosters 


af ' 
ga : posted 
“Rockets generate a force in 
one direttion, called thrust, 4 

the prunciple of action and rbaction 


4a force in one effec in terms of accel 


orn fireworks, rockets ge 
ddecticn, called thrust by the priniple of action sky came up w 


and reaction - exhaust fumes released by explosiv 
chermicals are pushed out ofthe back of the rocket vert d vehicle with several ‘Stages 
at high speed, and as a result the rocket is pushed c acket that could carry 

in the other direction regardless of any surrounding the e n distance below 
‘medium The key to using rockets in space is and falling away 
tocarry another chemical called an oxidant ill widely used today, reduces the 
can perform the same rfe as oxygen in the f tead weight’ that needs to be carried all 


1 to combust. 
Te frst perscn to seriously study the rochet's y a complex equation that 
potential for space wavel a Russian schodteacher d the necessary thrust force need for any 
and amateur scientist called Konstantin Tsiolkowsky, given rocket manoeuvre, and the specific impulee 
st published his conclusions in 1903 He correctly - how 
dertified the moment of launch as one of th needed for a 
biggest challenges - the moment where the rocket the explosive 
ad cxidant it needs too inefficient to power a space roe Doceedl 
solid 


air and allows the fi 


reach space - as ts weight ic at a maxi 
‘huge amount of thrusts neede 
‘moving at all Asthe rocket 
mass through its exhaust, softs weight is reduce 
and the same amount of thrust wail haw 


= 


Rocket science 


Forces act all along its central 
anis, withthe rocket’ gravity 
and any drag due to air 
resistance pulling it downwards, 
and thrust pushing t upwards 


the centre of 
pressure & below the 
centre of gravity, the 
torque force will tend 
to twist the rocket 

back toa stable path 


hen the rockets 
thrust not aligned to 
its motion, ft and drag 
‘combine to produce a 
force called torque. 


Today most use 
‘imballed rocket 
motorsto adjust 
their direction 
instead of fins, 


W the rocket’s Body is. 
tied its thrust may be 
sdsplaced by a smal 

angle from the direction 
ofits motion. Fins help 
keep the rocket stable, 
but they and the rockets 


body both generate lit 
2 force that pushes the 
Tocket toone side, 


The centre of pressure 
Js the point where the 
aerodynamic forces of 
drag and lft act. 


The rockets centre of 
savity isthe exact mid 
point in ts distribution 
of mass, and changes 
throughout the flight 


Taking flight 


Rockets must delicately balance and control powerful forces. 
in order to make it through Earth's atmosphere into space 


2 rocket geeratesvirust ising a contre 
explosion as fuel and oxdant undergo 4 velent 
chemical reaction: Expanding gases from the 
‘explasion ace pushed out ofthe back ofthe rocket 
through a nazié~ specaly shaped exhaust wat 
Channels the hot. high-pressure gas created by 
Combustion into a stream that escapes from the 
back of the nozzé at hypersank speeds, mare than 
five-tunos the speed of sound 

Isaac Newton's third lw of mction states that 
every action has an equal and opposite reaction, 
$0 the ‘action’ force that de¥es the exhaust ol of 
the rocket nozzle must be balanced by an equal 
and opposite force pushing tha yochet forwards. 
Specifically this (on the upper wall of the 
‘combustion chamber, but since the rocket motor 
[5 integral to each rocket stage, we can think of t 
actingon the rocket as a whole. 


i "Keepin: the direction of motion 
closel§ aligned with | direction 
of thrustles critical 


Although the forces acting in both directions are 
equal their visble effects are different because! 
‘another of Newtonts laws wich explains how 
‘objects with greater mass need more force to 
accelerate them bya giverrameunt, So While the 
‘actin’ force rapidly accelerates asirall mass of 
‘exhaust gat to hypersonic speeds each vecond, 

the equal reaction force produces a far smaler 
2cceleration in the apposite direction onthe far 
‘eater mass ofthe rocket, 

As the rocket gains speed, keeping the direction 
‘of motion dosely aligned withthe direction of thrust 
is catical~ gradual adjustments are needed to steer 
the rocket towards an orbital trajectory, but a severe 
misalignment can sen the rocket hiring out of 
‘control. Most rackets, including the Falcon and Tian 
series and the Satum V Moon rocket, steer using 
‘pimballed’ engines, mounted so that the entire 
rocket motor ean pivot and vary the diection of 
is thrust fom moment to moment. Other steering 
options incide using external vanes to deflect the 

with sole-fueled rockets that lak 


exhau 3 rocket engine 


and ailary engines ~ smal 
mounted on the sid 


2 fanp system 
‘turbopum system 


‘draws fuel and oxidant 


from the tanks at high 
speed and injects it into the 


‘combustion cha 


F aterste 
alaptor 
Rocket stages 


umber. 


are separated by 


‘empty ‘spacers’ 


called interstages, 


fited with 
‘explosive bolts 
that push them 


safely out of range 


before the next 
stage fires, 


6 Payload 
faith 


‘an aerodynamic 
‘asecaled a faring 
protects the mission 
payload from the 
atmosphere during 


launch, then fll 
away In space, 


E 
I 


I Papert tanks 
The interior ofeach 
Stage fled with age 
[ropelnt tas for 
Fk and oxidant foes 
‘such as liquid hydrogen 
may be effet, but 
they are aso bulky. 


if pete ape 
facie al 
explosive charge or jet 
thot ps patente 
fevondant mi 


Y Soleo rockets 
Solid rockets have 3 
simpler design, with 
amixof fuel and 
‘oxidant that ignites 
when triggered and 
burns continuously 
until exhausted. 


7 typer stage 
‘Upper-stage 
rodets re saber 
butoften more 
complex than 

the ber sees, 
tthe aby 
beswtched off 
and gited at 
atterentimes. 


Rocket science 


V Boosters 
Solid rockets make ideal boosters for use during 
likoft. Strapped around a central liquid-uelled Tirst 
stage, they fall away when exhausted. 


How a rocket's 
motors work 


Rocket engines are complex machines that 
must endure ferocious heat and pressure 
Modern rocket motors have come a ong way trom fieworks, 


Relauvely simple solid rockets, most often used as boosters to 
provide extra thrust at launch, stil ely on the same baste principle 


of iguting a tube containing a combustible mx of fuel and axidant 

(Once ignited solid rocket will cantinye to burm until its fuel is 

exhausted, bur the rate at which fuel is burnt ~ and therefore the 
nount of thrust ~ean be controlled by changing the amount ot 


au gnition during different times in the rockets 
fight. This can be done by packing the fueloxidant mx with a 
hollow gap down the centre running alang the k 

ofthis gap, which may be circular or sta 


osed surface will change 


“pending on 
shup 
during the f 


for instance, the amount of 


The more widespread liquid-uelled rockets are far more complex. 
pacally hey invelve a pair of propellant tanks ~ one each for 
1 fuel and the oxidant - connected to a combustion chamber 
ttuough a con ef pipes. ligh-speed turbopumps driven 
by their own independent motor systoms are used to deliver 
liquid propellant into the chamber through an injection system. 
The rate of supply can be throttled up ar down depending on 
equirement. and fuel can be injected a a simple et ora fine spray 
bastion chamber an ignition mechanism is used to 
mbustion this may be a jet of hgh temperature gs, a 
ectric spatk ora pyrotechnic explosion, Rapid ignition i ert 
te sed to build upiin the 
comb 4 ghition can generate encugh 
pressure to blow the rocket apart a catastrophic event that rocket 
neers laconically refer to asa hard start or tapi unschexhuled 
nly (RUD). 
led design of aliquid rocket staye can vary aot 
epending an ts fuel and other requirements, Some of the most 
cient propellants are iquefied gases such as liquid hydrogen, 
Which is only stable at very low temperatures - around 253 degrees 
Celsius (423 degrees Pahrenbest) Once loaded abard the rocket 
these ‘cryogenic propellants must be stored in heavily insulated 
tanks. Son void the need for an ignition mechanis 
sng hypergoli propellants that ignite spontaneoudy an contact 
‘each other 


n 


8 Combustion chamber 
Fuel and oxidant undergo violent 
combustion, creating expanding 
‘ses that ae forced out through 
shaped nozzle atthe bottom. 
‘This generates upward thrust in 
the racket motor tse 


Rocket science 


eS SoeeK Abnien 


& 


Interplanetary travel | 


Rockets are the key to exploring our Solar System - 
but how do they go from orbit to deep space? 


‘The first stage of any spaceflight involves launch 
from Earths surface into a relatively low orbit around 
200 kilometres (124 miles) up, above the vast 
‘majority of the atmosphere. Here gravity is almost as 
strong as it ison the surface, but friction from Ears 
‘upper atmosphere is very low, so the uppermost 
stage ofthe rocket is moving fast enough it can 
‘maintain a stable Grcular or elipicl trajectory where 
the pul of gravity and the vehicle's natural tendency 
to fy of ina straight line cancel each other out 
‘Many spacecraft and satelites travel no further 
than ths low-Earth ort (LE), but those destined 
to leave Earth entrely and explore the wer Solar 
System need a further boost in speed to reach 


& Hipse around the Exsth 
One oF more precisely timed rocket 
burs nudge the spacecraft onto a 
‘more eliptial trajectory that varies 
indistance from Earth 


be pulled back by our plane's gravity. The escape 
velocty a Earth's surface -112 kilometres (6.9 
les) per second - i about $0 per cent faster than 
the typical speeds of objects in LEO. It gets lower 
ata greater stance from Earth, and probes bound 
for interplanetary space are often fist injected 

into elongated or eliptical orbits by a carefully 
timed burst of thrust from an upperstage rocket, 
which may remain attached to the spacecraft for 
the ret of its interplanetary flight. n such an orbit 
the spacecrafts distance from Earth can range 

from hundreds to thousands of kllometres, and its 
Velocity wil also vary, reaching 2 maximum when the 
spacecraft is closest to Earth, a point called perigee, 
_and slowing down further out 


AM 


© Close butn 

‘The Oberth effect allows 3 
spacecraft’s rockets to deliver 
‘more thrust fora set amount of 
fuel whem itis already moving at 
high speed and close to Earth. 


3S Peking up spud 
inaneliptcal transfer orbit 
the probe moves mae sly 
preter distance from Earth, 
and much more quickly around 
itclosest approach 


S Hohmann transfer orkd 
‘Afinal bur allows the probe 
tobreak fee from Earth on a 
‘trajectory that looks spiral from 
‘ur point of view. buts actualy 
23 segment ofan litical obit 
‘around the Sun. 


Rocket science 


Surprisingly. however, the critical rocket burn used 
to escape into interplanetary space is usualy made 
when the spacecraft is near perigee. This is due to 
the so-called ‘Oberth effect, an unexpected property 
‘of rocket equations that means 2 rocket Is more 
efficient when its moving at higher velocity, 

‘One way to understand this is that burning a 
spacecraft’ fuel allows the engine to utiise not 

‘only its chemical energy, but also its kinetic energy. 
‘which is greater at higher speeds. On balance, the 
additional rocket thrust needed to reach escape 
velocity from a ow altitude at higher speed is ess 
than that needed to escape from a high altitude 
when moving ata lower speed. 

Spaceflight engineers and mission planners often, 
refer to the ‘Delta’ required to accomplish 
a speatfic fight manoeuvre, such asa change in 
Combi. Strictly speaking the term ‘Deltav’ means 
change in velocity, but engineers use It specifically 
asa measure ofthe amount of pulse or thrust 
force overtime, needed to accomplish a manoeuvre. 
Broadly speaking. missions are planned around 
2 "Delta budget ~ how much thrust they can 
‘Benerate for how long using the spacecraft’ onboard 
fuel supplies. 

Sending a spacecraft from one planet to another 
‘with minimum Deita-v requirements involves 
Injecting it into an eliptical orbit around the Sun, 
called a Hohmann transfer orbit. The spacecraft 
travels along a segment ofthe eliptical path that 
‘resembles a spiral track between the orbits of the 
two planets, and requires no further thrust along, 
‘ts journey, On atival at ts target object it may 
‘use gravity alone to enter its final orbit, oF It may 
require a burst of rocket thrust in the opposite 
direction ~ usually accomplished by simply turning 
the spacecraft around in space and firing the motor = 
before it can achieve a stable orbit 


Focus on Weighing the Millky-Way" + 


he My Way 1s comprised of gas: 
dust, planets, stars black holes and, of 
ceverelusive dark matter. Ft 
decades astronomers 
“to pin down the mass of oor home’galaxy toa good 
ogres of accuracy, wih past results varying from 
'500 bilhon-times the ras of our Sun» also known 
a5 a solar mass - to 3 tillon solar masses. This 
vatlation comes down tothe difficulty in mea 
the amount of dark matter that resides in our galactic 
ame. Recently. ro heavyweights m the space 
observatory industry teamed up to take onthe task 
the Eurapean Space Agency (ESA) Gaig satelite and 
NASAJESA’s Hubble Space Telescope, 

The observations taken by these two space 
telescopes have led astronomers to believe that the 
Milky Way i an astoupding 1.5 trlin solar masses. 
What's even more shocking is that oily 2 salt 

5 + percentage ofthis mass is contributed by the 200 
_-_billon known stars that reside in our galaxy’ and the 
4-milionsolarmass supermassive black hole atthe 
centre, known as Sagittarius A 

"We want 1 know, the mass of the Milky Way 
‘move accurately that we can put i into a 
cosmological context and compare it to sithulations 
of gales in the evolving universe” says Roeland 
van der Marel of the Space Telescope Science 


‘WEIGHING’ TH 
‘MILKY WAY — 


Astronomers have managed to measure the mass 
of our home galaxy in unprecedented detail, 
potentially solving some cosmological riddles. ° 


eben trying * 


“We want to know the mass of 
the Milky Way more accurately 
so that we can put it intoa 
cosmological context” 


lnstitute (STSef) i Baltimore, Maryland, US. “Not 
knowing;he precise’ mass ofthe Miky Way presents 
a problerfor alt of cosmological questions: 
Hubble ang Gaia pooled their data to create a 
three-dimersional mip of the night sky and more 
accurately track the movement of globuiay star 
‘chusters tat orbit the piky Way. Globular ysters . 
contain an incredibly old population of stars; some 
can be dated back to just afew hundred milion years = 
Stes the Universe Began, also known as the Big Bang, 
Although we cannot observe dayk matter directly I 
‘gan.be measuced indirectly by the graytabiéral effect 
ithas oh these surrounding globila star users. en 
Aetronomers can tell how guich an objest weighs. je re 
by how fast a satelite orbits it, but requires a‘ bo 
comprehensive study of many stflar obyects in order 7 
to accurately getermine an accepted figure. ie 
(Over a ten yes period the duo watched the 
movements of 46 star clusters ~ 36 by Gata, 12 ¥ 
by Hubble Gaia provided a detaled 30 map of * “a 
astronomical objects’ motions up to 65,000 
light years away, with Hubble providing a smaller 
field of view, but data on custers up $0 130,000 
Jett years away. This collaborative effort has been 
key in determining how much material we Cah seein 
ou Miky Way. 28 wel as material we cannot fe, the 


yk matter 


Weighing the Milky Way 


yaa | 


Apollo 10 


Apollo 10 headed for the Moomwithra 
more risk, but did not make = cut = a 
ms touchdown 


Reported by Lee Cavendish = 


Apollo 10 


All About Space told the 
Apollo 9 as it saw i 


pollo 10 Eugene 

lew on the Gemini 
‘9A mission, and afterwards 
hhe became commander of 
the last manned mission to 
the Moon, Apollo 17 


John Young had the longest Las ‘Thomas Stafford had already 
2stonauti career fay been 3 plot and command plot 
Sstronaut, and became the forthe mssons Gemin GA and 
fest person to fy ons SA respectively. This as is 
msn Geni 3 and 1, first ight tothe Moor nd is 
Apo 0 and'6 and STS lat bute sw space again as 
dsr He was the ninth commander of te Apolo Sayiz 
man t wa on te Moon, Test Project. 


BE Apollo 10 


The ams 
Azvollo 10 


facilites are up to standard 


for « lunat mission 
Evaluate the Anat 
Zid’ puifermance 
using a descent 
Aifoin lined lanstnaal 


tracking, particularly the 
Sea of Thang lily 


“When you go to the Moon and you watch the 
Earth, you see something very strange in it, 
something very familiar” sugene ceman 


Stafford and Ceman took thelr places in the 
Lunar Module ready for descent 
stopping these two men from becoming the 
ones in the histary books and making the frst 
touchdown on the hinar surface? At this point the 
Lunar Module vas too heavy for a touchdown. and 
the crew needed additional taming if they were 
to perform ‘Apollo 10 
astronauts their time would came even 

‘A peculiar nole was soon heard by the 
astronauis as Stafford and Geman separate from 
Young on the faside ofthe Moon. In the transcript 
and recordings, finaly released in 2008 the 
high pitched sound becames apparent and 
brings co an exchange between the astronauts 

and what It could be Wt be 


one. For two aut of the thiee 


trying to un 
with Cernan saying: “That music even sounds 
‘You hear tha? That 


‘outerspacy, doosn it 
whistling sound?” ‘Thus occurred cn thei filth day 
in space, and it's cbvieus that this wasrit something 
they heard before. Michael 
\whstling sound while on the Apollo 1 mission. 
‘After some investigatin it was discovered to be 
interference between the VHF radios on the two 
clfferent spacecraft 

Continuing with thele mission, the peor 
testing the hunar descent procedure that w 
take Ne Armstrong and Buz Aldrin to the 
Tranquility, The descent was successful, taking 
Stafford and Cemnan just 145 kilometres (ine males) 
above the surface; then the closest any human had 
gotten to another celestial body. The Maon was 


tantalisingly chro, are 
running well with no mayer compcat 
hanged 1s they ejected the Tainar Module’ ascen 
pod fem the descent stage “Thad all the swatches 


set instinctively. as we will da. Tor reached over 
and changed postions with the guidance switch, 
becaise he knew tt had to be changed to X, but 
had already changed it to X recalled Cernan 
mn a Discovery Channel series called Rocket 
‘Scene “And so when it fed it was on a primary 
_lidance system las opposed to the abort guidance 
system, and a primary guidance system didat 
know whete to ell to go so we did separate, and 
spun aut of controL 

remember seeing lunar horizon go by in 
dlifferent dictions about 18 trees in same 15 
seconds, Tom took ic back from the compute, got it 
under con we gave it back tothe abort guidanc 
system. We got the burn on time and rendezvoused 
and everything rurmed out all ight* This was a 
ose call What Stafford and Cernan didnt know at 
the tim 
from crashing in 


was that Snoopy was two seconds 2 
3f the Moon. The 

mission could have ended in disaster, and who 
Jknows what ramifications that would have bad 
for the Apollo 11 mission. "The fact tha this was all 
broadcast live also meant thatthe public « 
just witnessed terrible event, but the astronauts 
regained control Luckily the only bad result 
was Stafford yelling some rather understandable 
profanity on an open channel tothe would 

Allin all the misson was successful, and that 
story did not come to light unt atleast 40 ye 
late. ‘To unknowing ears the mission was smor 
fhom start to nish, and no one knew for along 


the surface o 


the 


the Apollo Il miso 


However, ther 
that would prove vial. 
as Ceran explained:“We alo checked our the 
landing radar on that mission and found: 
had been programmed improperly Had that 
happened on Apollo It they would not have 
landed. So we found out some interesting 


things on Apollo 1 
hull the mission done. the next 
tw Exth and land 
9g Stafford and Ceman eved by a United 


On the I6th orbit of the Moor, Young re 
with Sr 

spent lunar Lindimauk tracking and puticg thet 
Hasselblad cameras to good use Afterwards A 


et ascent and bck t 


o Challe Brown, States Navy ship, the USS 

ranceton. This concluded what would 

turn cut to bea suxcesstul,mportant and frankly 

underrated missin in terms of the whole success 

nl ofthe Apallo program. But there i 

starting the to side of going to the Moony itis not just tote 
nologies and satisfy humankind’s need 

Earth and safely explore as many frontiers as possible 

on 26 May 1968 This was Space travel 


Sezvoused 


PY. and their next 15 oats wi 


a phllasephical 


10 entered ats trans Earth trajectory 
thei thaee-day journey back be 
‘Apollo 10 would mab 


er its atmosp 


anbe an extremely moving 


the final burdle, and 15 minutes before reentry experience for the individual. Cernan explained this 
harlie Brown was separated from the rest of the extremely poetically, "When you goto the Moon 
Service Module t begin ts descent D and you watch the Earth evolve infront of you, 
reentry astcnauts have to deal with terrifying you see something Very strange in something 
speeds as they plummet down to the se very familiar. Youre not fing around the Earth 


Apollo 10 was eve i actualy holds th 
record fr the top speed achieved by a manned 
spacecrat, going 39.897 kilometses (24751 miles) 


per hau Ths was mach to Staffor 


snymore. Youre not flying through sunrises and 


sunsets: Withaut even rolling your eyeballs, yeute 
ceans andl continents. Youre 

on one side ofthe 

other side alin the samme 

Instance Youte looking ata lackness beyond your 
perception that envelops the Earth. The infinity of 
time, the infinity of sp 
Tm not sure what ts but Ii sure i ex 
1 aw with 


previously state 
lowed to fy. wan 
wanted to fly the latest things to go higher andl 
faster. finally digo fastr with Apollo 10: 

‘Charlie Brown splashed down in the Paci 
Dean at A52pm UTC 0252p & 


bea fighter pilot an 


the endlessnes of tall 


Instant Expert 


Retrograde | 
motion 
explained 


Our expert explains why some celestial 
objects appear to.take the unusual route of 
travelling backwards in the night sky 


or thousands of years, humans have 
Watched the stars to amuse ourselves, 
tell time and find our way. Four key 


observations were likely mace early in 
astronomical research, Fist the Sunrises in the east 
and sets in the west. Or, atthe very leas, a direction 
‘ean be defined by the motion of the Sun, Second, 
‘most stars rise inthe east and set in the west. Third 
some stars, viualsed as constellations, appear and 
disappear from the night sky a fixed ties of year 
Fourth, there are other stars that do nat appear aid 
‘disappear at fined times of year. and sometimes even 
move from west to east: backwards relative tothe 
typieal motion of most stars, 

These exceptional stars are now known to us 
as planets and their backward matin i called 
retrograde mation from the Latin fo wallang 
backwarls. But this retrogracle motion isan ilusion 
‘created by the Earth and the other planets a 
orbiting the Sun lke runners on a track 

| used to run cross-country races on a course 
‘where the skyline ofa city was in the distance 


68 


[Belmont Pateou, Phiadelphia, United States) 
[Ata certain point inthe course, the runners would 
ass in front of the skyfine.On the rare dccasion 
| was about to catch another eunner, they would 
appear to me on one side of the skyfine, but #1 
[passed them on the inside, and was unwase enough 
tolook back, they would appear to be moving 
Backwards relative tothe skyline 

By using constelations as if they were a distant 
city skyine fo measure relative motons ofthe other 
planets, we observe apparent retrograde mation 
teach time the Earth passes a planet in an orbit 
further from the Sur Mars, for example - ors 
passed py a planet in 3n orbit closer tothe Sun, 
Te Mercury, 2 


“Retrograde motion is an illusion created 
by the Earth and the other planets all 


orbiting the Sun" 


What are the aims of the 
Deep Space Gateway? 


The Deep Space Gateway ; is where humans could live and work that isin the Below: The 
icity ofthe Moon, so not on the lunar surface, but Deep Space 
Gateway willbe 
collaborative 
effort between 
worldwide 
organisations 


you know? 
“We would learn what it would 
mean to live and work away 

from the Earth" 


What exists outside our 


observable cosmos? 
TS Ss aT 


fe are some questions that science just can't answec This is 
‘of them. Humanity, in our tvee-dimensional (plus time) realty 
red to this universe, We cart experience what is beyond 
through any means knawn to science. Imagine ite on the surface of 3 
vast balloon ifall you know isthe balloon's surface, you can identify 
ro centre on that surface. You can't see what is iside that surface or 
external to that surface. While observational science doesa' allow us 
an answer from here, theorsts have put forward a variety 


(ne possibility Is that there Is 2 vast quantum Foam from which 
buble universes regularly ome ito and yo oUt of exitence Some 
scents pa 


‘doesn't make multiple universes rel, howev 
ible that there is nothing at all beyond our universe. 
Pamela Gay is senior education and communication 
‘specialist and senior scientist for the Planetary 


The extra 40 

rmimutes each 

day can ead to 

achangein the 

\ body clock 


What obstacles do scientists face when they need to work in 
Martian days instead of Earth days? 


ant 
ut Earth life 


is a spacecraft engineer 
at NASA's Jet Propulsion Laboratory 
(GPL) and part of the Curiosity team 


ASK Space 


Star Wars films 


"Some scientists point to the seeming fine-tuning of our 
universe as evidence that we are in one of many universes” 


SPACE EXPLORATION 


Is it difficult to retrieve an 
asteroid sample? 


steer the spacectat for 


oe Ask Space 
. : 


EXOPLANETS 


Would it be possible to 
survive on a planet around 
a double-star system? 


made out of 


antimatter? 


circurbinary planets (CBP! ‘According to theory, it should be 
so far observed about ten transiting possible. f we consider ifeforms 
‘move around the centre of mass ofthe double-star system ina relatively wide orbit to be symphonies of atoms, 

The frst requirement for survival on 3 CB dynamically stable. ‘molecules and larger biological 
Gravitational perturbations from the binary y orbit. Hf this structures interacting, we expect 
happens then the CBP is tkely ejected from the system, o de with one of ‘thatthe forces which govern the 
the stars. Both aren behaviour ofthese things would 
liquid water for survs bee the same for bodies made 
to close nor too far from the entiely f matter as for equivalent 
ida habitable CBP it is not bodies of antimatter. 
indefinitely. Over timescales of bil However, these theories 
to the Sun - wil evolve. In abo suggest that our universe 
should be half matter and 
half antiatter~ a prediction 


ourable scenarios for surwvabilty. Sec 


‘and ideally a breathable atmosahere, the CBP should n 


ns of years the binary stars 


: that is readily discounted by 
‘Adrian Hamers isa postdoctoral fellow at the Institute for Advanced Study observing that pretty much 
In Princeton, New Jersey, US R ‘everything we see fs made out of 


matter. Researchers are actively 
addvessing this discrepancy by 
testing the assumption that 


antihydiogen and hydrogen, 
‘No significant eifference has 


Given the universe's acceleration, |=" 
could it end in a Big Rip? Sacarcarad Kenan sage 
focal pa Euctaon 
UV _ itatrtiaitiadenaaiear 
The universe ot tyne bt we il ta abu the epi duleauind 
gealpabntpele pelea ty 
isa saan eg eae post of chase Hear 
a aes ta oe ‘ities Bertache a 
ae acme wee eed ie 
estates 
ts > pevkatoasl 
ise pln ontd 6 chee 


fie Bi Rip 

[oti potentially 
tear the whole of 
space and time 


\\_ ESSENTIAL GUIDES AND ADVICE FOR AMATEUR ASTRONOMERS 


ener tear VV MEM 


Spring is in full swing, with 


plenty of new sights to turn 
your kit towards best known atensms 

Planets on display Beat light pollution 
Mars passes though star Ten tpsand tricks to lessen 
cluster M35, an orange gem its effects and improve your . 
among the blue and whke observations 

‘Moon tour The Northern [i titi Lil 


One ofthe most stiking small Hemisphere 


‘One of the brightest galaxies 


25 > @ 2 APR > @ 


How to... 
Photograph the Moon Conjunction between The Moon and Saturn 
The Moon has few photogenic apps software and acce teloonanaseemn, | wasmacoenappreac, 
conjunctions this for astronomy and space fans insagitaris passing within 0°22’ of 


‘each other in Sagittarius 


Ps : - APR 28 @ 6 MAY @ 8 MAY @ 


0 
0 rh (OO The Alpha Scorpiids The Eta Aquariids Conjunction between 
soci en nesans ‘each their peak of five reach theit peak of 40 the Moon and Mars 
oes meteors per hour meteors per hour in Taurus 


The Moon and Messier 


| pt / 44 will make a close 
\ : 3 approach, passing within 
Dy (0°19 of each other 


“” 


13 @& 


MAY 


The Alpha Scorpiids 
reach their peak of five 
‘meteors per hour 


22 


MAY 
Conjunction between 
the Moon and Saturn 
in Sagittarius 


Jargon buster 


8 


MAY 


The Moon and Mars 
make a close approach, 
passing within 3°12' of 
each other in Taurus 


20 @ 
MAY 


Conjunction between 
the Moon and Jupiter 
in Ophiuchus 


2G 
MAY 


‘The Moon and Saturn 


make a close approach 
‘within 0°31 of each 
‘other in Sagittarius 


APR 


The Moon and Pluto 
make a close approach 
within 0°04' of each 
other in Sagittarius 


The Moon and Jupiter 
make adloge approach 
passing within P40" of 
each other in Ophiuchus 


What's in the sky? 


3 celestial body iin ine with the Earth and 
nan object is visible for the 
setting at sunrise, At 


Mercury and Venus, ae at 
the Sun, D 


a wwe DS, “ 
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EVENING SKY DAYLIGHT 
Moon calendar .. 26 27 28 
rn ro May be May MAY may 
mae > * nae far MAY _ rt 
MAY MAY MAY MAY ee MAY, MAY; 
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MWumination Full Moon 
MAY MAY, MAY, MAY Moonrise time New Moon 
Moonset time First quarter 
98.4: Last quarter 
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STARGAZER ” 
What's in the sky? 
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MORNING SKY OPPOSITION 
Illumination percentage Planet i svadadicaimanehini 

2MAY MAY 16 MAY 23 MAY Date RA Constellation Mag Rise Set 

vy. & Othz2m28s +0600" Pisces 04 0508 1817 

8 = is] O2hO9MO4s +1327 08 05:00 19:03 

FA | 80% 8 Oahomms2s —H6°3457 16 0455 1959 

s = 04 03m 56s e2rariy 23 0458 2103 
conmoaee s0r30Sr fines 8 
2 ongase corse fees as ona 

cane bas Gs. ome 

2 wales sear iene 40. hoe aes 

= O6hi8m 20s 143035" Gemini 17 0650 23:40 

shee 22925 Optaaius azo 

El couy Sraras cola ora 

3 crac aac pe) 

ose Sets) 05| Ox) 00 

x Sn Seine fae cnt eee 

g 2rszis  Saptaris «04 ONS 0926 

3 eis as atone 


This month's planets 


The God of War rules the night this May, while the King of the Solar 
System has a long reign in the sky 


ee 
CANIS MINOR 


MONOCEROS 


‘Magnitude: 16 
AM/PM; PM 


CANIS MAJOR 
“oh, 


wsw 


‘Mars might not be the brightest planet in th 
tis month - shining at magnitude 16 twill only be 
as bright as my the 


sky after sunset, lob 
between the ho 
left of the Hy 
quite a busy area of the: 
Which ‘Sar Mars i, wile halfway bet 
in Orion and yellow 


beable to see Mars 


as soon as the sky begin to darken, butt will be 
setting around midnight so youll only have a short 


window of visbity in which to observe it 


B 


PERSEUS 
AURIGA 


GEMINI 


TAURUS 


WNW 


on that evening ft will be humbling and fascinating 
fas 8350 malin Ki 
sway ~ 0 far that light from i took 


notre 


ofthe star cluster and will be 
to upper eft 
>be the ‘goto’ planet for scent 
mn of the Solar System 
arity of different 
catating Mars with more planned 10 
min the 20 NASA wil 
plore 
Inthe 
1035, but 


1s whach make up t 
shining inside the 


This month's planets/* 


\ 
PERSEUS 


* TRIANGULUM 


Constellation: Ces 
‘Magnitude: 0.1 

AM/PM: AM, 

‘though i often labelled ‘etsive 
sometimes Mercury ts easily Visible 


‘star, Jow in the western sky pst 
after sunset orn the east ust before 
sunise. Unfortunatey this is 


‘of those times. The tiny world wil be 
rising at found the same time a the 


tothe naked eye asa copper-coloured Sun. soit will not be visible 


SAGITTARIUS 


Phuto 


Constellation: Sots 
‘Magnitude: 05 

AM/PM: AM 

In mid-April the planet Famous for 
‘ts system of shining. icy rings wll 
De rising at around 230am, and by 


scutum [+ 


scuTuM 


the end of May willbe rising before 
Jam, so prospects for observing it will 
slowly improve as the days and weeks 
ass, Look forthe waning gibbous 

Moon six degrees to the upper 
of Sarum before sunrise on 25 Ap 


Constellation: Pisces 
‘Magnitude: 39 

AMJPM: AM 

Technically Venus is a"Moring Star 
this month, a it rises before the 
Sun, and with a magnitude of 39 


SERPENS 


—s 


* -TRIANGULUM 
PERSEUS 


‘Constellation: ries 
‘Magnitude: 59 

AMJPM: AM 

Ifyou want to tack down this 
strange dim work you're out of ack 
this month because it will be too 


you might expect the second worl 
cut from the Sun tobe a striking 
naked eye object. Sadly 
so shortly before the Sun that it wall 
be overwhelmed inthe Suris gle, 90 
willbe virtually impossible tose 


Constellation: Ophichus 
‘Magnitude: 24 
AMJPM: AM, 
Jupiter is by far the largest planet inthe 
Solar System, So uuge i could contain 
over a thousand Earths it wal be visible 
this month fram the very eatly hours 
right through the night, antl davis ght 
washes i from the sky. AL the start of 
our observing period twill be rising at 
around lam, and by the end of May it wall 
be rising around lipm, giving plenty of 
time to enjoy the sight of it blazing low 
in the sky like a blue-white spark, Look 
ot forthe full Moon shining just eight 
degrees to Jupiter’ left on the morning 
20 May and nly five degrees tothe 
planets let the following morning 


lose tothe Sun to be visible tn the 
ceatiy days of May it will pass very 
close to both Mercury and Venus ~a 
ihering of werlds well have to 
‘enjoy using planetarium software or 
apps instead of our own eyes, 


ce) 


sTARGAZER| 


s 
Moon tour 


Kepler 


Take a look at one of the most striking 


small craters on the lunar surface 


Look tthe full Moon through your 
binoculars or small telescope and 
nar dazzled ped 
string you will ee a tran of small 
bright dots on the left hand side of the 
almost blindingly bright ise: just above 
fs centre, Joking for all the wor lke 
the bright mark a tio of stones made 
en sisted into the ice covering 
a fren pend or lake, These bright 


en tio 
ple tis then the rays lok ket 
of brighthite snow splashed and 
sprayed across the datk wey sua 
‘of the Moon, and look beautiful in any 
telescope, ange or small 
Kepler i a young crate. ormed in 
the Copernican Era ~atseene time 
inthe bast billion years cr 9 -by a 
asterid slamming into the region of the 
Sots are craters: three ofthe most Moon tothe west of the much larger 
famous and widely observe crater and more impressive Monarch of the 
on the whole ofthe Moon. The ane in Moar, Copernicus. The impact blasted 
the centres called Kepler, and i'sout abe out ofthe Moonts surface 32 
ination for this months lometres ('98miled wide ard around 
Kepler isa easonably small crater three kdometres(L8-miles) deep and 
{ts dwarfed by better known and showered the surrounding regon wth 
larger crrers such as Copernicus, bail of tumbling 
‘Tycho and Prolemaeus,but tis very the rays we see splashing away fom 
popular among veteran and novice 
Junar observers alike because itis the 
source of a splendid spay of bright rays 
‘of impact debris. Infact. the longest of 
the rays wiih spread our from Kepler 
a distance of almost 3 
Jelometes (186 mules vertpping 
the ray systems of other, older craters 
{nthe region. These rays look their 
‘est when the Moon is full andthe 


‘Sun isblazing overtend a 


kel to be slightly polygonal 
in shape with high rampart walls 


umped and broken up into 
on the insides 


80 


Top tip! 


White most craters 

: took their best close’ 
to the terminator, 

(2) the tine between 
night and day, 
Kepler is best seen 
at full Moon when, 
its rays look bright. 


A the start of our observing period 
te Mocn willbe at its wanting gbbous 
‘hase. Kepler will be bathed in right 
ssunight and easily visible, beth with 
aked eye and through observing 
uments, with ts dramatic system 
rays rally standing ut on the 
surface. However, as the d 
terminator -the Ine 
{rom day - wil relentlessly sweep 
eer frm the east. As the 
‘Sun dtops in Kepler sky the 1 
appear to fade ane Jose their basuty 
luni only the pit ofthe crater itself is 
obs 
stand inside its walls and across its Noor 
will be more readily visible, 

By 28 April with the terminator 
almost bea 
fascinating sight though yout favourite 
high-power telescope eyepiece, but a 
day of 0 atest willbe To 
asthe Sun sets cn it, plunging it into 
darkness It wall not reappear unt mid 
May, around the Mth, and by the time 
the Moon is full on the 18th it will be 
vase imal ts pry again asa bright 
spot atthe centre of a splash of sna 


wll 
slanting rays when the crater is dose 
to the terminate. High magnifications 
show Kepler is surrounded by many 
smaller ‘suet raters, formed 
shen debts fom the impact which 
sted tspatered down on the 
surouncing area, pockmarking with 
secondiry craters In fact, NASAS Lun 
ssance Orbiter probe took an 
2011 showing a huge boulder, 


etal on the surface around 


from view 


rece of debris that thudded out of the 
in the aftermath of the im 
when can you see this fascinating 
ane beautiful cater, formed in such a 
Violent event this month? 


The spring sky offers plenty for 
those without a telescope to hand Saline Chale 
“y (Messier 44) 


‘Aso known as 


Praesepe, M44 is 2 
‘Denebola (Beta Leonis) sear ati Bn 


Second magnitude Denebols 36 kart awe 
Yearsavay and snes bgt whe. ertloas ne ata 
ice Regu, te apid otaton Raters ts Moon sed smudge to 
poles. is a young star, perhaps ust 400 the ight of Leos Sele, 
Illon years ol nd surrounded by 2 but bnocbars reves 
{sco dst solar system nthe making. the bigest few dozen 
ofts L000 star. 


Messier 95 

‘Spiral galaxy M95 6 32 
rion ight years aay 
from us. At magritude 9:7 
itso fat you need 
binoculars tose tas 

2 sal ound smudge 
Long:exposure photos 
Show ts beautiful curved 
Spa arms and eta 
bar is around 70,000 
ght years rss 


Regulus (Alpha Leoni) 
‘Shining on the end ofthe “Sickle’ asterism, 

‘magnitude 4 Regulus is Leos brightest 

star but onjy the 2st brightest starin the Some 1 ight years across, tis open clusters an incredible 
sky. Over70 light years away tis almost 2.600 light years away, witha low magnitude of 63; you' need 
four times larger than our own Sun, and your binoculars tofind it on a clear, Moon free night. Estimated 
Spins so quickly - once every 16 hours ~ to be between 3.and'Sbillon years ol, this stelarcollection is 
that itis fattened atts pales. one ofthe most ance star custers known. 
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Photograph the 
Moon in May 


May will be a great month for anyone who wants to get started in 
astrophotography - because our natural satellite will be a very tempting 
target on several evenings... 


people with years of experience. But Moon's dat seas, towering ranges 
you dont need thousands of pounds. of jagged mountains and countless 
worth of kit or years of experience impact craters surrounded by bright 
DSLR (Digital Single Lens totake lovely images -a bask DSLR splashes of debris. 0 ly-leg’ tripods 
Reflex) camera ‘camera on a tripod is enough. But ‘To photograph these and the I your tripod is too light, or wobbly, it 
v Sturdy tripod how do you get started? cer events taking place in May won't support your camera properly 
V Cable release During May the Moon will youl nee! to mount your DSL on a | during the timed exposures and your 
offer beginners a great way in to {pod The steadier and sturdier the | images willbe blured. 
Wide-angle lens 35mm astrophotography. As wells being efter any vibrations will result in 
focal ist or shorter) ‘beautiful photographic tanget inured images. If your tried sight. le release 
Zoom or telephoto lens its ow right. the Moon will have weigh it down by hanging something | Using even very basic cable release 
(200mm or longer) ‘some fascinating company in the heavy from its centre. Also, use to begin your exposures instead of 
v Computer sky and offer many attractive photo a cable release if you have one to pressing the shutter button with your 
v ‘opportunities too reduce vibrations even further. finger wl reduce vibrations, 
prnee proces Youll eed to have two lenses for ‘Set your DSLR to Maral mode. 
your DSLR-awideangle lensanda turnoff the flash and set the 801 | Keep things sharp 
‘oom ot elephoto lens The shorter 800. at east at fist Focusing on the | When photographing the Moon sharp 
(Open up any copy of All About focal length your wideanglelens ‘Moon i tricky, as its small and very | focus’ essental.UseLive View’ to 
Space and yout see lts of is, the betes an i to 55mm ‘ki bright inthe sky, so if your camera | focus on an enlarged image of the 
Deautiful images ofthe night lens willbe fine stat 18mm. but has Live View you can use that fo | Moon your camera hast 
sky -astrophotographs. pictures anything shorter than 35mm will da, help you. Zoom in on the Moon, 
of astonomical events and and f you have a 10mm lens that making image on your screen 
celestial obecs taken by amateur woukbe perfect. Along ens with a as lage as possible, then focus on 
astronomers. Many acethe result of foallength of 300mm willbe fine, the ib. ft sto bright reduce 
‘mony hours of hard work processing 200mm will do, and f youre lucky the exposutetime until the Moon | sclentfially useful or educational. ts 
‘mages taken with very sophisticated enough tofuve a 500mm orlonger becomes dim enough to see ts sharp | fnejust to take images showing how 
5 and very expensive equipment by Tens youll get aruizing images ofthe rim catty. then focus on that beautiful an obyector event was. 
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Photograph the Moon in May/ 


Getting the perfect shot 


Keep adjusting settings until you are happy with your images 


ta rea shat yon i then ack bination a 
fren iment and . space@spaceanswers.com 


| Get the timing right 


Pick out detail 4s. for the Flower Moon’ 
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TIPS TO BEAT 
LIGHT POLLUTION 


It's every astronomer's enemy: here's how to cheat your way to better 
® views of the night sky - even from urban areas 


Make use: of shadow 


6 Bence to your neighbour 
Ths 


Pcie Se oe ert Conan, 


sitvation worse. Check 


~ 7 Shik ° “ 


ars ae : . f * , : | 
; 2 : | Beat light pollution, 
v » 
‘ * * 
a4 ‘. - 


‘aig 
st as . me 

- ftir 
me te ye ” yp +e) ae) 


“Some local authorities will turn street 
lighting down or off after midnight” 
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Draco e o- 
‘J 
° 
5% +d ° 
} e <i 
5° 
7 pe (cr) = 2 
e | Ursa Major 
° 
e bas ° 
Canes = 
Venatici 
e 
° ¥ A 
= 3 Leo Minor 
Deep sky challenge 


Hunting for faint fuzzies 
around the Great Bear 


With the Big Dipper hanging overhead, spring nights are 
perfect for exploring the hidden treasures of Ursa Major 


Deep sky es | 


Bode's Galaky (Messier 81) 


Messier 108 
This barred-spiral galaxy s 45 mil 
:teless elongated st 


Messier 109 
Magnitude 97 and 
this baered-sptal gal 
blur in small Instrum 
il show the subtle low alarm: 


‘The Ow! Nebula (Messier 97) 

Faint and ight 

will need atleast a medium-aperrue t 
f this magnitude 9 


‘ake (Messier 40) 
mal in M 
a galaxy, net 
magnit k 
rune bina 


Bode’s Galaxy (Messier 81) 

mn this spiral galaxy is bright 

‘enough to be visible in binoculars as atin 
rig, but 


Cigar Galaxy (Messier 82) 
Just over hata degn orn Mi 
ye Cigar Galaxy -s much stall 


Messir’s Mistake (Messier 40) 


The Northern 
Hemisphere 


‘The warmer months have arrived - and an 
impressive array of targets are to be had 


Summer has returned, bringing with it warmer nights: While the cold 

‘evenings of winter provide dark skies and lon 

still has.a Jot to offer in the way of vibrant nebulae star clusters and galaxies 
By mid-May at 1Opm (BST), the constellations of Canes Venatici (The 

Hunting Dogs, Virgo (The Vinin), Coma Berenice (Berenice’s Halt) 

and parts of Centaurus (Ihe Centaus) are in prime positions for view! 

olfering a splendour of targets Globular cluster Omega Centauri glows at 

appearance from the exstto set in the west. 

is one of 

the brightest galaxios in the sky - youll nced your ‘scope to see the detail 


beer ving sessions, May 


magnitude 39 and makes 


NGC 5128, or Centaurus A, contains multiple layers of dust 


‘This charts for use at 10pm (BST) 
‘mid-month and is set for 52" latitude, 
Hold the chart above your 
heel with the bottom of the 

page in front of you. 


( Face south and notice 


| 
| that north on the chart 
ee 


‘The constellations on the chart 
should now match what you 
see in the sky. 


® Sirius (1.4) 
# -05t00.0 
* 00t005 
* 051010 
* 10to15 
+ 151020 
+ 20to25 
+ 25to3.0 
+ 301035 
35t04.0 
401045 
Fainter 


Open star clusters 

Globular star clusters 

Bright diffuse nebulae 

Planetary nebulae brcertarte te 


(on 16 May 2019 at 
approximately 10pm (®ST), 
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The Northern Hemisphere 


Messier3 


. . 
HONIN 
sin ¢ 
wd - 
Boores . . 
.. . = 
. Running Chicken Nebula (C2944) 
ef ico” 
* 
vs ont 
com @ 
HYDRA 


, CENTAURUS, 


a Nec 4361 
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Send your poet ae images to 


—ofi the month 
space@spaceanswers.com for a chance 


to see them featured in All About Space 4 


Steve Coates aN 


Ocala, Florida 


Telescope: Astro-Tech . 
‘5 Ritchey-Chrétien * 

‘and Orion EON 3° < 

ED refractor. . 


“Limaged the Rosette Nebula in the 
onstellation of Monceres using my Orion 
EON 3° Refractor telescope combined with . * 


2 0516834 cooled CCD camera used is . 
sed my 8" Ritchey: Chrétien to capture i i 
the Pacman Nebo son nebula — 


that i home to IC 1890, a star cluster, and 
‘ok globules, which ean be found 
In the constellation Cassiopea, 

in Canton, Maine, 


‘The Milky Way over Lake 
‘Anasagunticook, Maine 


Pacman Nebula (NGC281) 


Ruzeen 

Farsad 

Kettering. UK 

Telescope: 

Sky. Watcher 

\ Evostar BOED 

"imaged the 
California Nebula (NGC 1499) after 
seeing how awesome it can lok 
with H-alpha data added into it. 
stabbed my equipment and spent 
20 hours processing my shots after 
imaging, This isa second: processing 
ass; while the ist had more stars 
Init. this one has much more detall 
in the actual nebulosity itself -1 
prefer how much cleaner it looks 
With the star reduction” = * 


California Nebula 
(NGC1499) 


Send your photos to... 


@spaceanswers 
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Your astrophotography, 


Newbiggin, 
Northumberland 
‘have been 
Interested in 
astronomy since | 
‘asa child after being introduced 
tot by my granddad who, at the 
time, had a smal pair of binoculars. | 
was amazed when I fist saw craters, 
‘on the Moon and astounded even 
further when | got my first real 
telescope, which gave me my first 
view of Saturn's rings. Recently, 
| caught the Aurora Borealis in 
Creswell, Northumberland using my 
Canon 50 DSLR.” 


space@spaceanswers.com 
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Sky-Watcher 
Startravel-102 (AZ-GTe) 


Designed to be controlled wirelessly with your smartphone, this 
highly portable refractor provides good Solar System views 


Telescope 


advice 


‘Cost: £373 / $496 
‘From: Optical Vision 
‘Type: Refractor 
‘Aperture: 402" 
Focal length: 196° 


@ corey verre 
Q ewer 
@ ve: s0055 


‘There are all kinds of factors that mean we live 
‘ushed observing lives, from the constant threat of 
‘encroaching clouds tothe demands on our time from 
_Benera fife and work. Often when we go out under 
the stars, we want a scope that’s portable and quick 
toset up. 

‘ky: Watcher's Startravel-102, which comes on 
{an AZGTe Go-To alt.az mount and an adjustable 
steel tripod, is the perfect ‘grab-and:go’ scope for 
beginners or casual observers. Weighing just 67 
lellograms, is easy to carry outside ~ though if 
‘possible, and not too rushed, allow half an hour for 
{to accimatise to the ambient temperature outside 
‘0 avoid heat curents from the telescope disturbing 
the view. Its most high-profle feature ists Wi-Fi 
‘capability, allowing you to control the telescope 
easly from your own smartphone, tablet or laptop. 
‘Once the mount is powered up using ether eight A 
batteries or a 14V external supply, creates its own, 
WEF network that you can connect to. However, 
you do need to frst download Sky Watcher’ free 
‘SynScan app to control the telescope wirelessly. A 
little red LED light on the mount blinks onto let you 
know youte connected. 


‘The next step isto align the telescope so thatthe 
Go-To system knows where itis pointing in the sky. 
The system automatically gets the date, time and 
locaton from your phone or table's GPS, meaning 
you don't need to input these manually, Next, select 
_3 region of the sky, at which time yout be prompted 
to slew to a bright star in that region, using the 
finderscope to guide you. Once the telescope is 
aligned on that star, the Go-To wil automaticaly slew 
to several other stars unt it confirms a successful 
alignment. Now you're ready to start using it 

The Startravel-102, with an aperture of 102mm 
(four inches) and a focal length of 500mm, has a 
reputation for being a great wide field telescope, 
and this was borne out in our tess, We began with 
the Beehive Cluster, also known as M4, which 
Jooked great: the pinpoint stars of this open cluster 
In Cancer, the Crab, seemed to sparkle as they filed 
the field of view through the 10mm 1.25" eyepiece 
that comes with the telescope. Both the 1Omm and 
the 25enm that also comes with it are fay standard 
~ they are okay to begin with, but anyone intent on 
doing any serious observing wil likely swap them out 
for their own better quality eyepieces 

‘Springtime is, of course, the best time of the year 
for viewing galaxies, particularly those that liter the 
constellations of Vigo, Leo and Coma Berenice. 
However, tis where the imitations of arch field 
telescope come into play, The brighter galaxies of 
the Virgo Custer are mostly under ten areseconds in 
angular diameter, and when viewed they appeared 
_2 diffuse blobs, ost n the wide fied. The dramatic 
face-on spiral of the Whirlpool Galaxy fared a tle 
better, bt best was Messier 81, a spiral in Ursa 


Right: 

The Sky: 
Watcher 
Startravel102 
issuitable 
fora selection 
of deep-shy 
targets 


Right (inset): 
The refractor 
featuresa 
Synscan hand 
«control port 


Bottom left: 
The telescope 
comes supplied 
with 10mm 
and 25mm 
eyepieces 


Bottom right: 
‘The Startravel 
issupplied 
witha red dot 
finder, making 
star hopping 
an easy feat 


“The Startravel-102 has a 
reputation for being a great 
wide-field telescope, borne 
out in our tests” 


Major its 27 arcminute clameter faring much better 
in the Field of view, showing a fuzzy csc and a 
definite brighter concentration at ts centre. In the 
same field of view. the nearby edge-on Cigar Galaxy 
Messier 82, appeared smal, but its higher surface 
brightess meant it held its own against MBL. 

Refracting telescopes inherent sutfer from 
tvomatic aberration - a colour ringing around bright 
objects caused by different wavelengths of baht. 

‘or ciferent colours - and focus shhtl ifferenty 
resulting in colourful haloes around objects. Planets 
{and the Moon in particular suffer from this when 
viewed through a reactor, and the tartravel-102 
Is no aifferent. Mares supermoon came on a rare. 
relatively cloudless night. Full Moon ft always 
the best time for observing features on the Moon, 
but the cstinctive fringe of purple resulting fom 
chromatic aberration was noticeable on the lunar 
limb. For serious planetary observers and imagers 
it would be problematic, but weve seen worse 
chromatic aberration, and for casual observers the 
level of colour fing reasonable 

‘The SynScan database contains more than 10,000 
‘objects: to be precise, 10.759 deep sky objects ihe 
sglaxies and nebulae, including al ofthe NGC. I 
Messier and Caldwell catalogues; 305 named stars 
55 double stars and al the planets ofthe Solar 
Syste plus the Moon and the Sun - but do not look 
atthe Sun without a suitable solar itert 

We found thatthe telescope's Go-To was able to 
find every object that we targeted relatively easily 
it has nine slewing speeds, and it's not the quietest, 
but the telescope found every object we wanted, 
although mast required a ite bit of fine tuning to 
Centre the object. The tripod is sturdy and can be 
‘extended to heights between 0.8 and 1.5 metres 
‘nthe telescope the aforementioned eyepieces 
‘provide magnification of 20x and 50x, wile the 
radkand pinion focuser is fairly decent. especially 
forthe price co 

The Startravel-102 i # great beginners telescope 
‘ora grab-and go telescope for those wanting 10 
‘observe ina hury. While deep sky enthusiasts may 

_ quickly outgrow it. for everyone else it isan excellent 
introduction tothe word of refractrs. 
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Telescope advice, 


WIN | 


SKY-WATCHER 
STARTRAVEL-102 
(AZ-GTE 


This refractor telescope - with its excellent 
built-in WiFi and Go-To control - is ready to 
revolutionise your experience 


‘ky Watcher isa brand universally loved because 
‘ofits unique designs its ease of transportation 
and assembly and its fine optics, capable of 
revealing catalogue of marvellous celestial 
‘objects, Now, courtesy of Optical Vision Ltd, one 
ofits Starravel refactor telescopes, flaunting a 
102 milimetre (fourineh) aperture and AZ-GTe 
‘mounting, s waiting tok 
of astronomy. 

‘The Startravel302 telescope i fitted with ts 
‘own WiFi module and Go-To 

that itcan be controled using, 

smartphone va the Syrscan app, 


for both iOS and ee Ts m4 
astfonomer over 10,000 celestial with Just 


the press ofan option on your handheld device. 
Eyepieces als included inthe package 


To be in with a chance of winning, all you 
have to do is answer this question: 


A: Star Trek 
B: Alien 
C: Star Wars : oe 


Enter via email at" 
‘space@spaceanswers.com or by post t0 
All About Space competitions, 

33 Richmond Hill, Bournemouth, BH2 6EZ ; 
‘iste ys or fle conc. spaceanswers.com/competitions 
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te For great savings on all of our magazines, see the entire range online 
myfavouritemagazines.co.uk/spring192 


Order Hotline 0344 848 2852 
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accessories for space and astronomy fans alike 


‘Book Brief Answers 
to the Big Questions 


Cost: £14.99 (approx $18.60) 


Se wo 


Sede 
CHOICE) 
iA 


we predict the fun 

is thete other intelligent fe 

mniverse? Wl Al outsmart us? How do we shape 
Will we survive en Earth? Should we edfonise 
travel possible 


teres. But even. 
es tock hs mind othe furthest 


ang 
mately argued and 

Software Universe Sandboa* 

Cost 61899 62499) 

“Aspace imuat that can be dowloaded to you 


les fun creating ut 
o playing with existing ones an 
within them. On the who th 
imp 
(excluding 
Including pl 
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App Space Junk Pro 
(Cost: £299 (approx $3.89) From: i0S and Android 
‘We very much lke the idea behind Space Junk Pro, 
‘which uses satelite data to show you which planets, 
Satelites and constellations are viewable in your sky 
‘We wete particularly impressed with the way 
Jn which Space Junk Pro was able to locate the 
Intemational Space Staion (ISS) and even the 
‘Hubble Space Telescope, making ita sure favourite 
{or anyone who has ever found themselves rushing 
outside ro witness the ISS racing around our planet 
nts orbit 
‘Smoothly uploading the app onto an iPhone and 
3g that our device's compass was calibrated, 
no tssues with the running of Space 
Junk Pro. However, We did find that it drains phone 
batteries quite quickly and automatically starts 
‘up without prompting when we switched on our 
device. This might be offputting for some, but 


overall the app isan excellent plece of software for 
a very good price. I could also prove to be a handy 
ducattonal tool in explaining the shapes and 


motions ofthe Solar System, 


“Elaborate plans for 
human exploration of 
Mars are also shown 
in exquisite detail" 


wets Se 


(Cost: £25 (approx. $32.69) From: Andre Deutsch tet 

All eyes are on Mars. NASAS new lander, InSight, 

thas touched dovn on the Red Planet an in 

two years the Mars 2020 raver will depart Cape 

Canaveral bound for Mars. The ulkimate challenge 

isto enable crewed missions to Mars by the 2030s 
the next giant leap for mankind In Mars NASA 

award winning space writer Rod Pye 


historian an 
takes us through uncharted territory to experien 
the unraveling of the mysteries of the Red Planet 
firsthand and as they happened. 

‘With unparalleled access to NASA archives, 
hye traces the exploration of the Red Planet from 
Heeting telescopic examinations ofthe fist 
flybys in the 1960s, through the landers of the 
1970s, to the increasingly sophisticated rovers 
and otbiters now exploring every region ofthe 
planet. Insider documents from NASA's Jet 
Propulsion Laboratory, inchuding newly found 
han-drawn renderings of mission designs and 
personal annotations, iustrate every aspect of 50 
years of discovery. The elaborate plans for human 
exploration of Mars ae also shawn in exquisite 
etailinchiding NASAS ambitious designs for 
crewed missions and some compelling alternative 
mission plans by experts such as Buzz Akin 
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Andriyan 
Nikolayev 


Nicknamed 

the ‘Tron Man’, 
Nikolayev was one 
of the pioneering 
cosmonauts in the 
early 1960s 


Andriyan 


spa 
12 April 19 


“Vostok 3 was designed to test 
- the endurance of the Vostok 
_ spacecraft and the human 

: body in weightlessness" 
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Performance, 
KY 21) 5S Precision and Value 


Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of superb functionality, versatility and uncompromising levels of performance. The Sky-Watcher 
EXPLORER range of Parabolic Newtonian Reflectors cater superbly for astronomers of all levels. Whether your interest is 
Deep-Sky Observations, the Moon and Planets, or a combination of both, the EXPLORER range offers excellent all round 
Diffraction-Limited performance. s 


(6°) 1/750 PARABOLIC 
INIAN REFLECTOR 
sndard Specification 


200mm (8°) 1/1000 
PARABOLIC NEWTONIAN 
REFLECTOR 


BRC hy A Night 
Magazine 


Prod Code 


OTA SRP £199 
1603-2 SAP £199 


& 10040204 
SS, OTASRP E100 
032 sae 198 


ror Supports « Filly 
+ EOS Equator’ Mout 


al ~& Eety 


M REFLE 
* 
stance 5 
8 Say A gh Magara ly 6 wa = eK + , 
fee anor 
76mm (3") 7900 wee apt co 
MINI DOBSONIAN 
100mm (4°) 1/400 : - oF 
PARABOLIC DOBSONIAN - fection a 
Order Your FREE Copy Today ad. To me 
330mm (51°) L680 Mr 
a PHaBOLIC DOBSONIAN * time 3 201 


OPTICAL VISION LTD OPTICAL VISION LimItED Importers and Distributors of Sky-Watcher 


UNIT 3, WOOLPIT BUSINESS PARK Astronomical Telescopes, Helios, Acute, 


WOOLPIT, BURY ST. EDMUNDS www.opticalvision.co.uk Barr ané Sod Binoculars & Spotting Scopes 
SUFFOLK 1P30 9UP www.barrandstroud.com and Zenith Microscopes 


